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Subject: 2004 Annual Site Environmental Report for the Lawrence Livermore
National Laboratory

This report, prepared by the Lawrence Livermore National Laboratory (LLNL) for the
Department of Energy, National Nuclear Security Administration (DOE/NNSA)
Livermore Site Office, provides a comprehensive summary of the environmental program
activities at LLNL for Calendar Year 2004. The Annual Site Environmental Report
(ASER) is prepared annually and is distributed to relevant regulatory agencies and other
interested organizations and individuals.

The information in this report has been reviewed by NNSA and LLNL personnel for
accuracy. The review was based on quality assurance protocols applied to monitoring
and data analyses at LLNL.

The environmental protection and compliance programs at LLNL are implemented to
ensure the health and safety of employees and residents of neighboring communities, in
addition to the preservation of the environment. Remediation activities continue to
reduce contaminants on-site and off-site.

LLNL has committed to achieve continuous improvement in environmental performance
through pollution prevention, energy efficiency, and other measures. LLNL is currently
making progress towards implementing an environmental management system that meets
the requirements of ISO 14001 by the end of Calendar Year 2005.

A reader survey form is provided with the ASER to provide comments or suggestions for
future versions of the report. Your response is appreciated.

Sincerely,

/‘ ﬂ,;}fé N /\//4/9;_@!14\_,
Daniel Nakahara
Assistant Manager
for Environmental Stewardship Division



Preface

The Environmental Report 2004 is prepared for the U.S. Department of Energy (DOE)
by the Environmental Protection Department at Lawrence Livermore National Labora-
tory (LLNL). The submittal of the Environmental Report 2004 satisfies requirements
under DOE Order 231.1A, Environmental Safety and Health Reporting and DOE
Order 5400.5, Radiation Protection of the Public and Environment. The purpose of the
Environmental Report 2004 is to present summary environmental data, confirm compli-
ance with environmental standards and requirements, and highlight facility programs
and efforts.

The Environmental Report 2004 will by distributed in electronic form on compact disc
(CD), and will also be accessible on the Internet at the LLNL Site Annual Environ-
mental Report homepage: http: //www.lInl.gov/saer/. Both the report and data tables
can be viewed in their most up-to-date form on the website. Environmental reports
covering calendar years 1994 through 2003, and corrections to them, are also found at
http:/ /www.lInl.gov/saer/.

The report contains an executive summary, an introduction with an overview of the
meteorology and hydrogeology of the two LLNL sites (Chapter 1), and a summary of
LLNL’s compliance with environmental regulations and environmental programs, with
emphasis on pollution prevention (Chapter 2). The majority of the report features
LLNL’s environmental monitoring programs: effluent and ambient air (Chapter 3);
waters, including wastewater, storm water runoft, surface water, rain, and groundwater
(Chapter 4); and terrestrial, including soil and sediment, vegetation and foodstutff,
ambient radiation, and special status wildlife and plants (Chapter 5). All environmental
monitoring data summarized in this report are provided in files on the CD. The radio-
logical impact on the public is discussed in Chapter 6, and Chapter 7 provides an over-
view of LLNL’s groundwater remediation program. Information on both the Livermore
site and Site 300 is included in each chapter. The report concludes with a discussion of
quality assurance activities associated with these monitoring programs (Chapter 8).

The Environmental Report 2004 continues the practice of using Systeme International
units. This is consistent with federal law stated in the Metric Conversion Action of
1975 and Presidential Order 12770, Metric Usage in Federal Government Programs
(July 25, 1991). For ease of comparison to environmental reports issued prior to 1991,
dose values and many radiological measurements are presented in both metric and U.S.
customary units. A conversion table is also provided in the Glossary under the heading
of “metric units.”

The document is the responsibility of LLNL’s Operation and Regulatory Affairs Division
of the Environmental Protection Department. Monitoring data were obtained through
the combined efforts of the Operation and Regulatory Aftairs Division, Environmental
Restoration Division, Chemistry and Materials Science Environmental Services” Environ-
mental Monitoring Radiation Laboratory, and the Hazards Control Department.
Special recognition is deserved for the dedication and professionalism of the technicians
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who gathered the data—Gary A. Bear, Karl Brunckhorst, David J. Castro,

Crystal Foster, Steven Hall, Renee Needens, Terrance W. Poole, Donald G. Ramsey,
Sterling Sawyer, and Robert Williams—of the data management personnel—

Hildy Kiefer, Kimberley A. Swanson, Beth Schad, Suzanne Chamberlain,

Della Burruss, and Susan Lambaren—and of the secretarial staff who prepared and
distributed the drafts—Carol Moser and Stephanie Flores. Special thanks go to

Richard Blake and Charlene Grandfield for their strong support of the project and
reviews of the drafts.
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Purpose of this Report

EX-2

PURPOSE OF THIS REPORT

The Lawrence Livermore National Laboratory (LLNL) annual Environmental Report,
prepared for the Department of Energy (DOE) and made available to the public,
presents summary environmental data that characterizes site environmental management
performance, summarizes environmental occurrences and responses reported during the
calendar year, confirms compliance with environmental standards and requirements, and
highlights significant programs and efforts. By explaining the results of effluent and envi-
ronmental monitoring, mentioning environmental performance indicators and perfor-
mance measure programs, and assessing the impact of Laboratory operations on the
environment and the public, the report also demonstrates LLNL’s continuing commit-
ment to minimize any potentially adverse impact of its operations.

MAJOR LLNL PROGRAMS

LLNL is managed by the University of California for the National Nuclear Security
Administration (NNSA) within the Department of Energy. LLNL was established in
1952 in Livermore to ensure national security through the design, development, and
stewardship of nuclear weapons; its research programs address national security and
national needs; in 1955, operations began at Site 300, LLNL’s experimental test site.

LLNL plays a prominent role in NNSA’s Stockpile Stewardship Program, in which labo-
ratory scientists and engineers ensure the safety and reliability of the nation’s nuclear
weapons and certify weapon performance without nuclear testing. Nuclear weapons
expertise and extensive capabilities in physical and life sciences are applied to Nonprolif-
eration and Homeland Security, meeting the challenge of protecting the nation from
terrorism. LLNL also provides the Department of Defense, the intelligence community,
and other agencies with analytical support and advanced technologies to meet national
security needs.

LLNL also pursues research and development in other areas of importance to the nation.
LLNL carries out long-term research to help provide the United States with abundant,
secure, reliable, and sustainable energy coupled with a clean environment. Bioscience
research at LLNL is directed at understanding the causes and mechanisms of ill health,
developing biodefense capabilities, improving disease prevention and lowering health-
care costs. In addition, often in collaboration with universities, industry, and /or other
laboratories, scientists and engineers pursue projects in fundamental science and applied
technology that build on the Laboratory’s strengths and take advantage of LLNL’s
unique research capabilities and facilities.
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Laboratory Policy

LABORATORY PoLICY

Safe, secure, and efficient operations that provide a safe, clean environment for
employees and neighboring communities are an essential part of the Laboratory’s
research and development programs and underpin their success. Experts in environ-
ment, safety and health (ES&H) within the Safety and Environmental Protection Direc-
torate support all Laboratory activities. Using the Integrated Safety Management
System, work is performed in a manner that protects the health and safety of employees
and the public, preserves the quality of the environment, and prevents property damage.
LLNL complies with applicable ES&H laws, regulations, and requirements identified in
approved Work Smart Standards. A high-quality radiological control program at LLNL
assures that radiological exposures and releases are reduced to as low as reasonably
achievable to protect the health and safety of all its employees, contractors, the general
public, and the environment.

Over the last two decades, LLNL has made great strides in improving its environmental
stewardship and has actively taken steps to reduce any potential impacts the Laboratory's
operations might have on the environment and the community. For example, the new
Decontamination and Waste Treatment Facility has increased LLNL’s ability to provide
safer, cost-effective waste operations and to reduce legacy wastes. To further these
efforts, LLNL is committed to the implementation of a strong Environmental Manage-
ment System through its Integrated Safety Management System. The Laboratory
encourages participation by the public on matters related to its environmental impact on
the community and provides access to information on its ES&H activities.

All monitoring and analysis of samples and data, including the preparation of this report,
are conducted under the Environmental Protection Department’s Quality Assurance
Management Plan. This plan is included under LLNL’s Quality Assurance Policy, with
its commitment to effectiveness, excellence, innovation, and continuous quality
improvement.

MONITORING

Air Monitoring

In 2004, radioactivity released to the atmosphere was monitored at 67 sampling loca-
tions at six facilities on the Livermore site and one at Site 300. Because filtering systems
in exhaust stacks trap essentially all particulates, the only radioactive contaminant
released to the environment through monitored stacks was tritium. Stack releases of
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EX-4

tritium from the Tritium Facility and the Decontamination and Waste Treatment Facility
contributed 90% of the estimated of 1.5 TBq (40.4 Ci) released from the Livermore site
in 2004. This 1.5 TBq release is a third of the tritium released in 2003 but is about 60%
higher than releases in 2001 and 2002.

The magnitude of nonradiological releases (e.g., criteria pollutants such as

organics /volatile organics, nitrogen oxides, carbon monoxide, particulates, sulfur
oxides) is estimated based on specifications of equipment and hours of operation. All
criteria pollutant emissions were far below limits prescribed by the air districts.

In addition to effluent monitoring, numerous ambient air monitors sample for tritium,
radioactive particles, and beryllium. Some samplers are situated specifically to monitor
areas of known contamination, some monitor potential exposure to the public, and
others, distant from the sites, monitor natural background. In 2004, ambient air moni-
toring confirmed estimated releases from monitored stacks and helped to determine
source terms for resuspended plutonium (Livermore site) and uranium (Site 300); no
unexplained radioactivity was detected.

Water (Except Groundwater) and Wastewater
Monitoring

At the Livermore site, waters monitored for potential radiological and nonradiological
contaminants related to LLNL operations include sewer water, storm water runoft, rain-
water, drinking water, and surface waters; at Site 300, sewage ponds, surface impound-
ments, rainwater, and storm water runoff are monitored for radiological and nonradio-
logical contaminants. Water monitoring is carried out to determine if any contaminants
have the potential to reach drinking water wells or surface waters to which the public is
exposed; water monitoring also helps determine the impact of Laboratory operations on
groundwater. LLNL monitors wastewater to demonstrate compliance with permit
requirements.

In 2004, no wastewater discharges from LLNL to the Livermore Water Reclamation
Plant (LWRP) exceeded any discharge limits for release of radioactive materials to the
sanitary sewer; data were comparable to the lowest historical values. LLNL’s continuous
sanitary sewer monitoring system detected only one release of nonradiological constitu-
ents outside permissible limits: in March, there was a minor discharge (250-300 gallons)
of pH 4.6 effluent, slightly below the 5.0 pH limit. Overall sanitary sewer monitoring
data for 2004 demonstrated that LLNL’s wastewater discharge control program eftec-
tively ensured that sanitary sewer effluent posed no threat to the LWRP or the environ-
ment.

Storm water is sampled both upstream and downstream from both sites to determine the
impact of each site. It is sampled for oxygen content and contaminants such as radioac-
tivity, metals, dioxins, polychlorinated biphenyls (PCBs), and nitrate. At the Livermore
site, tritium was higher in downstream than in upstream samples; for 2004, the
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maximum concentration measured was 0.55% of the drinking water standard. Exposure
of fathead minnows to runoff collected from the first major storm of the season showed
neither acute nor chronic toxicity.

Concentrations of tritium in rain samples may be highly variable depending upon opera-
tions taking place during the rain. In 2004, the maximum concentration of tritium in
rain collected on the Livermore site was 2.6% of the drinking water standard; at Site 300,
all rain collected was below the lower limit of detection.

All off-site surface waters and all drinking waters had no gross alpha or tritium measure-
ments above the detection limit; median gross beta measurements were below detection
limits. The on-site surface water in the Drainage Retention Basin (DRB) exhibited very
low levels of gross alpha, gross beta, and tritium; toxicity tests on fathead minnows
showed no ill effects. At Site 300, maintenance on the drinking and cooling water
systems resulted in discharges to ground without adverse effect on surrounding waters.

Terrestrial Monitoring

Except for plutonium concentrations at the Livermore site that continue to be slightly
elevated due to historic operations, concentrations of radionuclides in soils and sedi-
ments were within global background levels in 2004. Plutonium concentrations at the
LWRP continue to be about a factor of 30 higher than concentrations at any other
sampled location, but even this concentration is only 2% of the screening level for
cleanup recommended by the National Council on Radiation Protection. Uranium-238
was found in the soils at Site 300, but it was below screening levels except near Building
812, which is currently undergoing remedial investigation under the Comprehensive
Environmental Response, Compensation and Liability Act of 1980 (CERCLA).

Vegetation and wine are sampled for tritium. The median concentrations of all oft-site
vegetation samples except one were below the lower limit of detection of the analytical
method. Concentrations in Livermore Valley wines, although about 2.5 times higher
than other California wines, were a factor of four times lower than concentrations in
wines from the Rhone Valley in France.

LLNL uses thermoluminescent dosimeters (TLDs) to monitor potential releases of
gamma radioactivity from Laboratory operations. TLDs also measure naturally-occur-
ring cosmic and terrestrial radioactivity. As in other years, any effect of LLNL operations
was indistinguishable from normal background.

Multimedia Comparison

In Figure EX-1, annual median concentrations of tritium in various environmental
media sampled by LLNL over the last ten years are compared with background levels of
tritium in rain (measured at Portland, Oregon and Anchorage, Alaska), the Environ-
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mental Protection Agency’s (EPA’s) drinking water standard, and the lower limit of
detection for liquid scintillation counting. A reasonable correlation may be seen
between the media measured by LLNL—air moisture, water from the DRB, water from
the LLNL swimming pool, and Livermore Valley wine. Ditferences are due to distance
from the tritium sources to the location of the sampled medium, the fraction of time the
wind blows towards the location, and how well the sample medium reflects tritium
concentrations throughout the year.

-@- LLNL swimming pool water -+ Livermore Valley wine
—-4- Drainage Retention Basin =~ Air tritium (VIS)
-O- Precipitation Portland -~ Precipitation Anchorage
e s
X Drinking water standard
100
=
(=3
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1- M\A/A\A\A_/—A_A

0.1
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Source: Concentrations in precipitation in Portland and Anchorage: Data from IAEA/WMO (2004).
Global Network of Isotopes in Precipitation. The GNIP Database. Accessible at: http://isohis.iaea.org.

Figure EX-1. Annual median concentrations of tritium in various LLNL media compared
with background levels in precipitation and the drinking water standard

Background tritium levels seen in rain samples from Portland and Anchorage include
cosmogenic tritium and residual tritium from bomb tests. Background tritium levels
show large variability because of latitude-eftects and distance from large bodies of water.
Livermore Valley wines and rain in Portland exhibit similar tritium concentrations. In
2004, the highest tritium concentrations measured at LLNL were 120 times lower than
the drinking water standard.

EX-6 2004 LLNL Environmental Report



Radiological Dose

RADIOLOGICAL DOSE

Dose calculated to the site-wide maximally exposed individual (SW-MEI) for 2004 was
0.079 pSv (0.0079 mrem) for the Livermore site and 0.26 uSv (0.026 mrem) at

Site 300. Three sources of tritium at LLNL contributed 94% of the dose received by the
SW-MEI. At Site 300, the Building 851 firing table contributed 95% of the dose to the
SW-MEI. There were no unplanned releases to the environment. The dose for 2004 is
less than 20% the 2003 dose for the Livermore site and less than halt of the previous
lowest dose (in 2001) since dose reporting began. The dose to the SW-MEI at Site 300
was 50% higher in 2004 than in 2003 but was comparable to releases over the last 10
years.

In Figure EX-2, calculated radiological doses to the maximally exposed member of the
public from operations at each site in 2004 are compared with regulatory limits and
doses potentially received from the environment or from common activities (e.g.,
medical x-rays). The contribution of LLNL operations to unavoidable dose was inconse-
quential.

The 2004 dose calculated for biota at the Livermore site or at Site 300 was far below
screening limits set by DOE, even when extremely unlikely assumptions were made that
maximized the effect of LLNL releases on biota.

GROUNDWATER REMEDIATION AND
MONITORING

Groundwater at both the Livermore site and Site 300 is contaminated from historical
operations; both are undergoing CERCLA (or Superfund) cleanup. At the Livermore
site, contaminants include volatile organic compounds (VOCs), fuel hydrocarbons,
metals, and tritium, but only the VOCs in groundwater, and saturated and unsaturated
soils need remediation. Cleanup began in 1989. In 2004, concentrations continued to
decrease in most Livermore site VOC plumes due to active remediation. VOC concen-
trations on the western edge of the site either declined or remained the same.

Site 300 cleanup began in 1981. VOC:s are the main contaminant found at the eight
Site 300 operable units (OUs). As well, nitrate, perchlorate, tritium, high explosives,
depleted uranium, organosilicate oil, and metals are found at one or more of the OUs.
In addition to VOCs, in 2004, perchlorate, nitrate, the high explosive RDX, and organo-
silicate oil were removed from groundwater. No off-site wells contain any VOCs in
excess of cleanup levels, and considerable reduction in on-site concentrations has been
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EX-8

Livermore SW-MEI: 0.076 uSv/2004
$300 SW-MEI: 0.26 pSv/2004

] Home smoke detector per year
:I 2,000 miles air travel

EPA dose limit per year for anthropogenic atmospheric sources

Dental X Ray
Mammogram

| Natural radioactivity in body per year

| Natural cosmic and terrestrial exposure—Livermore Valley, 2004

| Natural cosmic and terrestrial exposure—Site 300, 2004

DOE dose limit per year for
exposure to all anthropogenic sources

Average radon exposure in U.S. per year

I I I I I I I I I
0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000
uSv per year

Figure EX-2. Comparison of doses to the SW-MEI at the Livermore site and Site 300 with
doses received from natural background and other everyday exposures

made (most contamination is well contained within the site). Tritium above drinking
water standards will have decayed to below the standard by the time the groundwater
leaves the site, and depleted uranium is already below the drinking water standard. In
addition to the eight operable units under remediation, four areas are under investiga-
tion to determine remediation options.

In the last ten years, the Livermore site has processed about nine times the volume of
groundwater than has Site 300, but Site 300 has processed 2.5 times more soil vapor
than the Livermore site. Long-term VOC concentrations in groundwater and soil vapor
for Site 300 are lower by factors of two and seven, respectively, than concentrations at
the Livermore site. Cumulative kilograms of VOCs removed over the last ten years from
cach site are shown in Figure EX-3.

As well as groundwater remediation activities, extensive monitoring of groundwater
occurs at and near the Livermore site and Site 300 to determine potential impact on the
environment and the public. Groundwater from wells down gradient from the Liver-
more site is analyzed for pesticides, herbicides, radioactivity, nitrate, and hexavalent chro-
mium; the maximum off-site concentration of tritium measured was 0.73% of the
drinking water standard. At Site 300, groundwater is analyzed for radioactivity, a wide
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Figure EX-3. Cumulative kilograms of VOCs removed from groundwater and soil vapor at the
Livermore site and Site 300 over the last ten years

range of organic compounds, metals, explosive compounds, and VOCs. No new release
of constituents of concern (COC) to groundwater from any of the Site 300 sampling
areas was found in 2004, and no COC that could be related to LLNL operations was
found in oft-site Site 300 wells.

REGULATORY PERMITTING AND COMPLIANCE

LLNL undertakes substantial activities to comply with the many federal, state, and local
environmental laws. The major permitting and regulatory activities that LLNL conducts
are required by the Clear Air Act; the Clean Water Act and related state programs; the
Resource Conservation and Recovery Act and state and local hazardous waste regula-
tions; the National Environmental Policy Act and the California Environmental Quality
Act; the Endangered Species Act; the National Historic Preservation Act; the Antiquities
Act; and CERCLA.

In 2004 and early 2005, the Agency for Toxic Substances and Disease Registry (ATSDR)
completed public health assessments (PHAs) for the Livermore site and Site 300 that
were several years in preparation. ATSDR is required by law to conduct a PHA at each
site on the EPA National Priorities List to determine if people are being exposed to
hazardous substances and if the exposure is harmful and should be reduced. At the
Livermore site, ATSDR determined that the only COCs were oft-site boron (found
naturally in groundwater and storm water runoft), nitrate (in groundwater, but unre-
lated to LLNL releases), tritium (in air), plutonium-239 (in resuspended soil and sewage
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sludge), and tetrachlorethyelene (in groundwater); at Site 300 the COCs were VOCs in
the groundwater in the General Services Area. The Livermore site PHA concluded “no
apparent public health hazard” from past and present releases, while the Site 300 PHA

concluded “no public health hazard”, because there have been no exposures in the past
and exposures in the future are unlikely.

LLNL continued to perform all activities necessary to comply with clean air and clean
water requirements. In 2004, LLNL held 178 permits from the Bay Area Air Quality
Management District and 40 from the San Joaquin Valley Air Pollution Control District.
In addition, for the Livermore site, LLNL had permits for operation of hazardous waste
facilities, generation and treatment of medical waste, discharges of treated groundwater
to the recharge basin, discharges of storm water associated with industrial activities and
construction, discharges of waste water and CERCLA restoration activities to the sani-
tary sewer, and use of aboveground and belowground storage tanks. Site 300 held many
similar permits; in addition, it held permits for operation of a domestic sewage lagoon
and percolation pits and large discharges from the drinking water system. Both sites have
a Federal Facility Agreement for groundwater investigation /remediation. The Labora-
tory complies with all requirements for self-monitoring and inspections associated with
these permits.

Special Status Wildlife and Plants

In 2004, a bridge over the Arroyo Mocho was permitted and constructed. It replaced an
eroded, low flow crossing that obstructed the movement of threatened steelhead trout to
historic spawning grounds and was impassible to vehicles throughout much of the
winter. Wildlife biologists worked closely with the design and construction teams to
ensure minimal disturbance of flora and fauna. When disturbance was anticipated,
amphibians, reptiles, and fish were moved temporarily out of harm’s way; at construc-
tion’s end, plants raised elsewhere were transplanted to the bridge site.

LLNL studies, guards, and tries to improve the habitat of five species at Site 300 that are
covered by the federal or California endangered species act (California tiger salamander,
California red-legged frog, Alameda whipsnake, valley elderberry longhorn beetle, and
large-flowered fiddleneck) as well as rare species or those otherwise of special interest. At
Site 300, LLNL also counts nests, birds, and rare species of plants. The red-legged frog
is found also on the Livermore site, where egg masses are counted annually and bullfrogs
(a predator) are eradicated. In 2004, masses of bullfrog eggs were removed weekly
throughout the spring and summer. Adult bullfrogs were also removed.

Pollution Prevention

LLNL has an active program of pollution prevention, energy efficiency, waste minimiza-
tion, sustainable design, and other activities to protect the environment. In June 2004,
LLNL submitted its estimate to NNSA that, due to the use of nonlead frangible ammu-
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nition at the Site 300 firing range, lead releases to the environment had been reduced by
72% since 2002. In 2005, this program received an NNSA Environmental Stewardship
Award.

In early 2005, LLNL received a DOE Best-in-Class award for its tilt-pour furnace
process. Traditional processing uses ceramic crucibles that are disposed of as radioactive
waste after a single use. In the tilt-pour furnace process, crucibles can be used for
hundreds of runs before replacement is needed.

Use of a flow-through radionuclide detector that detects multiple radionuclides in a
waste stream has resulted in recharacterization of 44% of the surveyed waste from mixed
to low-level. In 2005, this program received a DOE Best-in-Class Award and a DOE P2
Star Award.

Other promising projects in 2004 included a pilot program to use biodiesel in ten of
LLNL’s medium duty fleet of vehicles and an accelerated solvent extraction system that
will remove soluble VOCs and PCBs from solid samples, which will result in reductions
of 230 kg mixed low-level waste and 1 kg transuranic waste each year.

CONCLUSION

The combination of environmental and effluent monitoring, source characterization,
and dose assessment showed that radiological doses to the public caused by LLNL oper-
ations in 2004 were less than 0.26% of regulatory standards and more than 11,000 times
smaller than dose from natural background. Analytical results and evaluations generally
showed continuing low levels of most contaminants; remediation efforts further reduced
the concentrations of contaminants of concern in groundwater and soil vapor. In addi-
tion, LLNL’s extensive environmental compliance activities related to water, air, endan-
gered species, waste, wastewater, and waste reduction controlled or reduced LLNL’s
effects on the environment. LLNL’s environmental program clearly demonstrates a
commitment to protecting the environment from operational impacts.
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Location

Lawrence Livermore National Laboratory (LLNL) is a premier research and develop-
ment institution for science and technology applied to national security. The Laboratory
is managed and operated by the University of California for the U.S. Department of
Energy. LLNL’s primary mission is to ensure that the nation’s nuclear weapons remain
safe, secure, and reliable. The Laboratory’s special capabilities are also applied to the
prevention of the spread and use of weapons of mass destruction and to strengthen
homeland security. With broadly based capabilities and leadership in mission-focused
areas of science and technology, the Laboratory meets other national needs with major
advances in research programs in energy and environment, bioscience and biotech-
nology, and basic science and applied technology. The Laboratory serves as a resource to
the U.S. government and is a partner with industry and academia.

LLNL is a full-service research laboratory with the infrastructure—engineering, mainte-
nance, and waste management activities, as well as environmental protection, security,
fire, health and safety, and medical departments—necessary to support its operations and
more than 8000 personnel.

LOCATION

LLNL consists of two sites—the urban Livermore site located in Livermore, California in
Alameda County, and the rural Experimental Test Site (Site 300) located near Tracy,
California, in San Joaquin and Alameda counties (Figure 1-1).

LLNL was founded at the Livermore site in 1952 at a former U.S. Navy training base.
At that time the location was relatively isolated, being approximately 1.6 km (1 mi) from
the Livermore city limits. Since then, Livermore has evolved from a small town of fewer
than 7000 people to a city of about 80,000. Today the city borders the LLNL site on the
west and north. The economy, which had been primarily agricultural, has diversified to
include light industry and business parks.

The Livermore site occupies an area of 3.3 km? (1.3 mi?), including the land that serves
as a buffer zone around the site. Adjoining the site border to the south is Sandia
National Laboratories/California (Sandia/California), operated by Lockheed-Martin
under U.S. Department of Energy (DOE) contract. Sandia/California engages in
research and development associated with nuclear weapons systems engineering as well
as related national security tasks. Although components of their missions are similar,
LLNL and Sandia/California are separate entities, each with its own operating manage-
ment and environmental management systems.

To the south of the LLNL and Sandia/California sites, there are mostly low-density resi-
dential areas and agricultural areas devoted to grazing, orchards, and vineyards. Farther
south, property is primarily open space and ranchettes with some agricultural use. Within
the last few years, residential developments, both houses and apartments, have filled the
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Figure 1-1. Locations of LLNL Livermore site and Site 300

formerly vacant fields immediately to the west of the Livermore site. A small business
park lies to the southwest. A very small amount of low-density residential development
lies to the east of the Livermore site, and agricultural land extends to the foothills that
define the eastern margin of the Livermore Valley. An extensive business park is located
to the north, and a 200 hectare (500 acre) parcel of open space to the northeast has been
rezoned to allow development of light industry.
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Meteorology

Within an 80-km (50-mi) radius of the Livermore site lie nearby communities, such as
Tracy and Pleasanton, and the distant population centers of Oakland, San Jose, and San
Francisco. Although over seven million people reside within 80 km of the Laboratory,
just 10% of them live within 32 km (20 miles).

Site 300, LLNL’s Experimental Test Site, which dates from 1955, is located 20 km

(12 mi) east of the Livermore site in San Joaquin and Alameda counties in the Altamont
Hills of the Diablo Range; it occupies an area of 30.3 km? (11.8 mi?). SRI International
operates a testing site located approximately 1 km (0.62 mi) south of Site 300. Property
immediately to the east of Site 300 is owned by Fireworks America, which uses it for
packaging and storing fireworks displays. The Carnegie State Vehicular Recreation Area
is located south of the western portion of Site 300, and wind turbine generators line the
hills to the northwest. The remainder of the surrounding area is in agricultural use,
primarily as grazing land for cattle and sheep. The nearest residential area is the town of
Tracy, population 76,500, located 10 km® (6 mi) to the northeast. About 6.2 million
people live within 80 km (50 mi) of Site 300. 95% live more than 32 km (20 mi) from
Site 300 in such distant metropolitan areas as Oakland, San Jose, and Stockton.

Meteorology and geography play primary roles in how the environment is affected by
human actions. Dispersal of particles in air, for example, is influenced by the wind

and rain, which in turn are influenced by geographical characteristics. Similarly, the
movement of groundwater is constrained by the particular geology of a site. Thus,
knowledge of wind, rainfall, geology, and geographical characteristics is used to under-
stand the effects that operations at LLNL might have on the surrounding environment.
An understanding of LLNL’s meteorological and geographic setting is needed to better
monitor Laboratory operations effectively and efficiently.

METEOROLOGY

Meteorological data (including wind speed, wind direction, rainfall, humidity, solar radi-
ation, and air temperature) are continuously gathered at both the Livermore site and
Site 300. Mild, rainy winters and warm, dry summers characterize the climate. A detailed
review of the climatology for LLNL can be found in Climatology of Lawrence Livermore
National Laboratory (Gouveia and Chapman 1989). The mean daily maximum,
minimum, and average temperatures for the Livermore site in 2004 were 22.0 °C

(71.7 °F), 8.1 °C (46.6 °F), and 15.0 °C (59.1 °F), respectively. The mean daily
maximum, minimum, and average temperatures for Site 300 in 2004 were 20.8 °C
(69.4 °F), 12.1 °C (53.8 °F), and 16.5 °C (61.6 °F), respectively. Nighttime tempera-
tures are typically higher (and diurnal temperature range smaller) at Site 300 compared
to the Livermore site; stronger winds at the higher elevation prevent formation of strong
nighttime inversions near the ground. Temperatures range from —4 °C (25 °F) during
the coldest winter mornings to 40 °C (104 °F) during the warmest summer afternoons

1. This distance is from the northeast border of Site 300 to Sutter Tracy Community Hospital.
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at the Livermore site. While the mean annual temperature was near-normal during 2004,
several individual months experienced large departures from normal. A persistent warm
high pressure system and offshore winds caused March to be the warmest at the
Livermore site since at least 1989 and also caused record heat in April. High tempera-
tures reached 29 °C (84 °F) on March 18, the highest ever recorded for so early in the
season. The high temperature reached 31.0 °C (88 °F) on April 25 and 33.5 °C (92 °F)
on the following two days, a record for April and for so early in the year. The arrival of
Arctic air caused record cold in late November and early December. Freezing tempera-
tures occurred on three mornings in late November, including —1.8 °C (29 °F) and
-3.9 °C (25 °F) on November 29 and 30, respectively. Morning low temperatures
continued to dip below freezing during the first five days of December, including -5 °C
(23 °F) on December 4, the lowest temperature recorded in 2004. The lowest tempera-
ture at Site 300 was —0.4 °C (31 °F) on the morning of December 20. The warmest day
of the year was August 11 when the temperature reached 40 °C (104 °F) at the Liver-
more site and 36.8 °C (98 °F) at Site 300.

Both rainfall and wind exhibit strong seasonal patterns. These wind patterns tend to be
dominated by the thermal draw of the warm San Joaquin Valley that results in wind
blowing from the cool ocean toward the warm valley during the warm season, increasing
in intensity as the valley heats up. During the winter, the wind blows from the northeast
more frequently as cold, dense air spills out of the San Joaquin Valley. Most precipitation
occurs between October and April, with very little rainfall during the warmer months.

Annual wind data for the Livermore site are included in Figure 1-2. These data show
that about 52% of the wind comes from the south-southwest through west directions.
This prevailing pattern occurs primarily during the summer. During the winter, winds
from the northeast are more common. The peak wind gust at the Livermore site of

25 m/s (56 mph) from the south occurred on February 25 in advance of a storm. Based
on a 47-year record, the highest and lowest annual rainfalls were 85.2 and 16.7 cm
(33.57 and 6.57 in.), and the normal annual rainfall is 34.6 cm (13.62 in.). In 2004, the
Livermore site received 27.8 cm (10.96 in.) of rain, or only 80% of normal. The spring
(March—May) total rainfall of 1.5 cm (0.58 in.) was the third driest ever recorded at the
Livermore site since 1958. An early storm dropped 1.3 cm (0.52 in.) of rain on
September 19. The maximum daily rainfall of 3.1 cm (1.21 in.) fell on December 30.

The meteorological conditions at Site 300, while generally similar to those at the
Livermore site, are modified by higher elevation and more pronounced topological
relief. The complex topography of the site significantly influences local wind and temper-
ature patterns. Annual wind data are presented in Figure 1-2. The data show that winds
are stronger and show less directional distribution than at the Livermore site. Winds
from the west-southwest through west occurred 43% of the time during 2004. The peak
wind speed at Site 300 reached 29 m/s (65 mph) on January 1 and December 29 from
the south and south-southeast, respectively. As is the case for the Livermore site, precipi-
tation at Site 300 is seasonal, with most rainfall occurring between October and April.
Because Site 300 is situated downwind (north) of more significant terrain (i.e., winds are
typically southerly during storms) than at the Livermore site, rainfall amounts are typi-
cally 20 to 25% lower. Based on a 45-year record, the highest and lowest annual rainfalls
were 59.9 and 14.2 cm (23.58 and 5.61 in.), and the normal annual rainfall is 26.8 cm
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Livermore site Site 300
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Wind speed (Calms: 1.8%) Wind speed (Calms: 0.1%)
Calms 0.5-29 3.0-49 50-69 7-10.9 11.0-11.1 (m/s) Calms 0.5-2.9 3.0-4.9 50-69 7-10.9 11.0-17.1 (m/s)
f [ [ | 1 { [ [ ]
Calms 1.1-6.6 6.7-11.1 11.2-15.5 15.6-24.5 24.6-24.8 (mi/hr) Calms 1.1-6.6 6.7-11.1 11.2-15.5 15.6-24.5 24.6-38.3 (mi/hr)

Note: The length of each spoke is proportional to the frequency at which the wind blows from the indicated direction. Different
line widths of each spoke represent wind speed classes. The average wind speed in 2004 at the Livermore site was 2.5 m/s
(5.6 mph); at Site 300 it was 6.1 m/s (13.7 mph).

Figure 1-2. Wind rose showing wind direction and speed frequency at the Livermore site and Site 300
during 2004

(10.55 in.). In 2004, Site 300 received 20.2 cm (7.96 in.) of rain, or only 75% of
normal. The spring (March—May) total rainfall of 0.8 cm (0.30 in.) was the least ever
recorded since at least 1960. An early storm dropped 0.9 cm (0.34 in.) of rain on
September 19. The maximum daily rainfall of 2.1 cm (0.81 in.) fell on December 30.

TOPOGRAPHY

The Livermore site is located in the southeastern portion of the Livermore Valley, a
topographic and structural depression oriented east-west within the Diablo Range. The
Livermore Valley, the most prominent valley in the Diablo Range, is bounded on the
west by Pleasanton Ridge and on the east by the Altamont Hills. The valley floor is
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covered by alluvial, lake, and swamp deposits, consisting of gravels, sands, silts, and clays,
at an average thickness of about 100 m (325 ft). The valley is approximately 25-km
(16-mi) long and averages 11-km (6.8-mi) in width. The valley floor is at its highest
elevation of 220 m (720 ft) above sea level along the eastern margin and gradually dips
to 92 m (300 ft) at the southwest corner. The major streams passing through the
Livermore Valley are the Arroyo del Valle and the Arroyo Mocho, which drain the
southern highlands and flow intermittently. Surface waterways in the vicinity of the
Livermore site are the Arroyo Seco (along the southwest corner of the site), the Arroyo
Las Positas (along the northern perimeter of the site), and the Arroyo Mocho (southwest
of the site). These arroyos are shown in Figure 4-8.

The topography of Site 300 is much more irregular than that of the Livermore site; a
series of steep hills and ridges is oriented along a generally northwest-southeast trend
and is separated by intervening ravines. The Altamont Hills, where Site 300 is located,
are part of the California Coast Range Province and separate the Livermore Valley to the
west from the San Joaquin Valley to the east. The elevation of Site 300 ranges from
approximately 538 m (1765 ft) above sea level at the northwestern corner of the site to
approximately 150 m (490 ft) in the southeast portion.

HYDROGEOLOGY

Livermore Site

The hydrogeology and movement of groundwater in the vicinity of the Livermore site
have been the subjects of several investigations (Stone and Ruggieri 1983; Carpenter

et al. 1984; Webster-Scholten and Hall 1988; Thorpe et al. 1990; Blake et al. 1995).
This section is a summary of the reports of these investigations and the data supplied by
Alameda County Flood Control and Water Conservation District Zone 7, the agency
responsible for groundwater management in the Livermore Valley basin (SFBRWQCB
1982a,b).

The Livermore Formation (and overlying alluvial deposits) contains the aquifers of the
Livermore Valley groundwater basin and is considered an important water-bearing
formation. Natural recharge occurs primarily along the fringes of the basin and through
the arroyos during periods of winter flow. Artificial recharge, if needed to maintain
groundwater levels, is accomplished by releasing water from Lake Del Valle or from the
South Bay Aqueduct into arroyo channels in the east. Groundwater flow in the valley
generally moves toward the central east-west axis of the valley and then westward
through the central basin. Groundwater flow in the basin is primarily horizontal,
although a significant vertical component probably exists in fringe areas, under localized
sources of recharge, and in the vicinity of heavily used extraction (production) wells.
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Beneath the Livermore site, the water table varies in depth from the surface from about
10 to 40 m (30 to 130 ft). Figure 1-3 shows a groundwater elevation contour map of
the Livermore site area's shallowest, laterally extensive water-bearing unit (hydrostrati-
graphic unit or HSU), HSU-2. Although groundwater elevations vary due to seasonal
and year-to-year differences in both recharge and groundwater withdrawal from the
basin, the qualitative patterns shown in Figure 1-3 are generally maintained. At the
eastern edge of the Livermore site, groundwater gradients (change in vertical elevation
per unit of horizontal distance) are relatively steep, but under most of the site and farther
to the west, the contours flatten to a gradient of approximately 0.003.

~— Groundwater contour — — LLNL site boundary

(approximate meters above mean sea level) Scale: Meters

--=> Surface elevation contour I —

(approximate meters above mean sea level) 0 300 600

Figure 1-3. Groundwater elevation contours of hydrostratigraphic unit 2 (HSU-2), the shallowest
laterally extensive water-bearing unit beneath the Livermore site, November 2004

1-8 2004 LLNL Environmental Report



Hydrogeology

While groundwater flow beneath the site is generally westward, similar to the regional
flow direction, in places it becomes southwesterly, and even easterly, due to extensive
groundwater extraction associated with the remedial activities at the site. Groundwater
recharge and agricultural pumping have also affected the direction of groundwater flow
at the site. Aquifer tests on monitoring wells in the vicinity of the Livermore site indicate
that the hydraulic conductivity (a measure of the ability of geologic media to transmit
water) of the permeable sediments ranges from 1 to about 16 m/day (3.3 to 52 ft/day)
(Isherwood et al. 1991). The range in these values reflects the heterogeneity typical of
the more permeable alluvial sediments that underlie the area. This range, in combination
with the observed water table gradients, yields an estimated average groundwater
velocity of about 20 m/y (66 ft/y) (Thorpe et al. 1990).

Site 300

Gently dipping sedimentary bedrock dissected by steep ravines generally underlies

Site 300. The bedrock is made up primarily of interbedded sandstone, siltstone, and clay-
stone. Most groundwater occurs in the Neroly Formation upper and lower blue sand-
stone aquifers. Significant groundwater is also locally present in permeable Quaternary
alluvium valley fill. Much less groundwater is present within perched aquifers in the
unnamed Pliocene nonmarine unit. Perched aquifers contain unconfined water separated
from an underlying main body of water by impermeable layers; normally they are discon-
tinuous and highly localized. Because water quality generally is poor and yields are low,
these perched water-bearing zones do not meet the State of California criteria for
aquifers that are potential water supplies.

Fine-grained siltstone and claystone interbeds may confine the groundwater and act as
aquitards, confining layers, or perching horizons. Groundwater is present under confined
conditions in parts of the deeper bedrock aquifers but is generally unconfined elsewhere.

Groundwater flow in most aquifers follows the attitude of the bedrock. In the northwest
part of Site 300, groundwater in bedrock generally flows northeast except where it is
locally influenced by the geometry of alluvium-filled ravines. In the southern half of
Site 300, groundwater in bedrock flows roughly south-southeast, approximately coinci-
dent with the attitude of bedrock strata.

The thick Neroly lower blue sandstone, stratigraphically near the base of the formation,
generally contains confined water. Wells located in the western part of the General
Services Area pump water from this aquifer and are used to supply drinking and
process water.

Figure 1-4 shows the elevation contours for groundwater in the regional aquifer at

Site 300. This map of the groundwater elevations is based primarily on water levels in the
Neroly lower blue sandstone aquifer.
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— Groundwater elevation contour
(meters above mean sea level)

- = Groundwater elevation contour,
dashed where approximate

-2- Groundwater elevation contour,
queried where uncertain

- - Site 300 perimeter

------ Surface elevation contour
(meters above mean sea level)

Scale: Kilometers

.~ e B
- - Y

Corral Hollow Road

Figure 1-4. Approximate groundwater elevations for the principal continuous water-bearing zone at
Site 300

Recharge occurs predominantly in locations where saturated alluvial valley fill is in
contact with underlying permeable bedrock or where permeable bedrock strata crop
out because of structure or topography. Local recharge also occurs on hilltops, creating
some perched water-bearing zones. Low rainfall, high evapotranspiration, steep topog-
raphy, and intervening aquitards generally preclude direct vertical recharge of the
bedrock aquifers.

Further information on the hydrology of both the Livermore site and Site 300 can be
found in the groundwater monitoring and remediation information in Chapter 7.
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Summary

SUMMARY

LLNL recognizes the importance of geology, hydrogeology, climate, and geographical
relationships with its neighbors in assessing potential impacts of operations at the
Livermore site and Site 300. Each year LLNL gains additional information to better
predict, interpret, and avoid potential impacts. Each environmental medium that is
discussed in this document—air, water, terrestrial, and wildlife—may be affected
differently. LLNL takes into account the unique locations of the Livermore site and
Site 300 to tailor sampling and analysis programs for each method used to monitor the
environment.

CONTRIBUTING AUTHORS

We acknowledge the work of Brent Bowen, Bert Heftner, Donald MacQueen,
Charles Noyes, Ring Peterson, and Michael Tatfet in preparing this chapter.
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Compliance Summary

Lawrence Livermore National Laboratory, as stated in LLNL’s Environmental Policy
signed by LLNL’s Director in July 2004, is committed to providing responsible steward-
ship of environmental resources. Environmental stewardship is integrated into Labora-
tory strategic planning and decision-making processes and into the management of all
work activities through the Integrated Safety Management System.

In support of this policy, LLNL commits to:
*  Work to continuously improve the efficient and effective performance of the
environmental management system

e Comply with applicable environmental laws and regulations

* Incorporate pollution prevention, waste minimization, and resource conserva-
tion into planning and decision-making processes

e Ensure that interactions with regulators, DOE, and the community are based
upon integrity, openness, and adherence to national security requirements

e Establish appropriate environmental objectives and performance indicators to
guide these efforts and measure our progress

This chapter provides a brief summary of LLNL’s compliance with environmental regu-
lations and LLNL’s environmental management programs.

COMPLIANCE SUMMARY

Lawrence Livermore National Laboratory participates in numerous activities to comply
with federal, state, and local environmental regulations as well as internal requirements
and applicable U.S. Department of Energy (DOE) orders. The following describes
regulations and guidance applicable to LLNL during 2004, including a summary of
permits active in 2004, and inspections of the Livermore site and Site 300 by external
agencies. The following summaries also provide references for more information where
available.
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Environmental Restoration and Waste
Management

Comprehensive Environmental Response, Compensation and
Liability Act

Ongoing groundwater investigations and remedial activities at the Livermore site and
Site 300 are called the Livermore Site Ground Water Project (GWP) and the Site 300
CERCLA Project, respectively. These activities fall under the jurisdiction of the Compre-
hensive Environmental Response, Compensation and Liability Act (CERCLA), Title I of
the Superfund Amendments and Reauthorization Act (SARA). As part of work on these
projects, DOE and LLNL also continued community relations activities. CERCLA
compliance activities are summarized in the following sections; program activities and
findings are further described in Chapter 7.

Livermore Site Ground Water Project

The Livermore site became a CERCLA site in 1987 when it was placed on the National
Priorities List. The GWP at the Livermore site complies with provisions specified in a
federal facility agreement (FFA) entered into by the U.S. Environmental Protection
Agency (EPA), DOE, the California EPA’s Department of Toxic Substances Control
(DTSC), and the San Francisco Bay Regional Water Quality Control Board
(SFBRWQCB). As required by the FFA, the project addresses compliance issues by
investigating potential contamination source areas (such as suspected old release sites,
solvent-handling areas, and leaking underground tank systems) through continuous
monitoring and by the remediation of soil and groundwater. The primary soil and
groundwater contaminants (constituents of concern) are volatile organic compounds

(VOCGs), primarily trichloroethylene (TCE) and perchloroethylene (PCE).

Significant 2004 Livermore site GWP restoration activities include installing 4 ground-
water extraction wells, 2 dual (groundwater and soil vapor) extraction wells, 7 soil vapor
extraction wells, and abandoning 1 anode well; conducting 1 hydraulic test; and
conducting 24 soil vapor extraction tests. LLNL met all regulatory milestones by acti-
vating the Soil Vapor Treatment Facility TFD Helipad (VIFD-HPD) and Soil Vapor
Treatment Facility B518 Perched Zone (VIF 518-PZ) on schedule.

Treatment Facilities: In 2004, LLNL operated groundwater treatment facilities in
the following treatment facility (TF) areas: A, B, C, D, E, G, 406, 518, and 5475 (see
Figure 7-1). A total of 80 groundwater extraction wells and 16 dual extraction wells
supplied water to 26 treatment facilities at a combined average flow rate of about

2236 liters per minute. In 2004, these facilities treated more than 1.2 billion liters of
groundwater and removed about 86 kilograms of VOCs compared to 90 kilograms in
2003. The smaller quantity of mass removed in 2004 is partially due to decreasing
concentrations in the TFD and TFE areas and declining groundwater extraction well
flow rates due to remediation-induced dewatering at the site. Since remediation began in
1989, approximately 9.7 billion liters of groundwater have been treated, resulting in a
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mass removal of about 1097 kilograms of VOCs. In addition, LLNL operated four soil
vapor treatment facilities (VIFs): VIF5475, VIFE-ELM, VIED-HPD, and
VTF518-PZ. In 2004, these facilities treated about 1.2 million cubic meters of vapor
and removed an estimated 133 kilograms of VOCs compared to about 84 kilograms in
2003. The significantly larger quantity of mass removed in 2004 is due to start up of
VTFED-HPD and VTF518-PZ, as well as continued operation of VIFE-ELM and
VTF5475. Since initial operation, more than 2.6 million cubic meters of vapor have been
treated by the VTFs, resulting in a mass removal of more than 681 kilograms of VOCs.
The groundwater and soil vapor treatment systems removed 219 kilograms of VOC in
2004, and have removed about 1778 kilograms of VOCs from the subsurface since
remediation began in 1989. See Chapter 7 for further information.

Community Relations: Livermore site community relations activities in 2004
included communicating and meeting with neighbors and local, regional, and national
interest groups and other community organizations; making public presentations;
producing and distributing the Environmental Community Letter; maintaining the
information repositories and the administrative record; conducting tours of site environ-
mental activities; and responding to public and news media inquiries. In addition, DOE
and LLNL met with members of Tri-Valley Communities Against a Radioactive
Environment (Tri-Valley CAREs) and their scientific advisor as part of the activities
funded by an EPA Technical Assistance Grant (TAG). Community questions were also
addressed via electronic mail, and project documents, letters, and public notices were
posted on a public website at www-envirinfo.llnl.gov.

Documentation: In 2004, DOE/LLNL submitted the LLNL Ground Water Project
2003 Annual Report (Karachewski et al. 2004) and quarterly self-monitoring reports on
schedule. In addition, DOE /LLNL completed all 2004 Remedial Action Implementa-
tion Plan (Dresen et al. 1993) milestones ahead of schedule.

Site Evaluations Prior to Construction: LLNL was placed on the National
Priorities List in 1987 based on historical contamination of soil and groundwater. The
CERCLA Record of Decision for the Lawrence Livermore National Laboratory Livermore
Site (LLNL 1992) identifies selected remedial actions agreed upon by the EPA,
SFBRWQCB, and DTSC. The Record of Decision requires that before any construction
begins, the project site must be evaluated to determine if soil or rubble (concrete and
asphalt) is contaminated. Soil is sampled and analyzed for potential radioactive and /or
hazardous contamination. Depending on the potential for radioactive contamination,
rubble may be either surveyed or analyzed for radioactivity. During 2004, soil and /or
rubble were evaluated at 70 construction sites. Based on the evaluation, the soil and /or
rubble were either reused on site or disposed of according to established procedures.

Site 300 CERCLA Project

Investigations and remedial activities are ongoing at Site 300, which became a CERCLA
site in 1990, when it was placed on the National Priorities List. Investigations and reme-
dial activities are conducted under the joint oversight of the EPA, the Central Valley
Regional Water Quality Control Board (CVRWQCB), DTSC, and the authority of an
FFA for the site. (There are separate FFAs for Site 300 and the Livermore site.) The
groundwater contaminants (constituents of concern) for Site 300 vary within the

2004 LLNL Environmental Report


http://www-envirinfo.llnl.gov/

Compliance Summary

different environmental restoration operable units at the site. Background information
for LLNL environmental characterization and restoration activities at Site 300 can be
tound in the Final Site-Wide Remedial Investigation Report, Lawrence Livermore
National Laboratory Site 300 (Webster-Scholten 1994) and Final Site-Wide Feasibility
Study for Lawrence Livermore National Laboratory Site 300 (Ferry et al. 1999).

Treatment Facilities and Field Investigations: VOCs (primarily TCE) are the
main contaminants at Site 300. High explosives, tritium, depleted uranium, organosili-
cate oil, nitrate, and perchlorate are also found in the groundwater. Sixteen treatment
facilities operated during 2004. Twenty-five wells that extract groundwater only, 7 wells
that extract soil vapor only, and 24 wells that extract both groundwater and soil vapor
operated during 2004, treating about 17.6 million liters of groundwater. The 24 wells
that extract both vapor and groundwater and the 7 wells that extract only vapor together
removed 212,106 m?® of vapor. In 2004, the Site 300 treatment facilities removed
approximately 58 kilograms of VOCs, 0.072 kilograms of perchlorate, 705 kilograms of
nitrate, 1 kilogram of RDX high explosive compound, and 0.58 grams of organic silicate
oil. Since remediation efforts began in 1990, more than 994 million liters of ground-
water and approximately 4.5 million m?3 of vapor have been treated, to yield about

292 kilograms of removed VOCs. See Chapter 7 for further information.

Due to budgetary constraints, LLNL delayed 2004 FFA milestones for construction of
additional treatment facilities and completion of field work at several programmatic areas
until 2005. The Site 300 Remedial Project Managers (U.S. EPA Region IV, DTSC, and
the RWQCB) agreed to this delay.

Community Relations: The Site 300 CERCLA project maintains continuing
communications with the community of Tracy and nearby neighbors. Community rela-
tions activities in 2004 included maintenance of information repositories and administra-
tive records; participation in community meetings; oft-site, private well-sampling
activities; mailings to stakeholders; and interviews with the news media. LLNL hosted
TAG meetings with Tri-Valley CAREs. TAG meetings provided a forum for focused
discussions on CERCLA activities at the various operable units at Site 300. Tri-Valley
CARES receives the annual TAG grant from EPA to support an environmental
consultant to review and comment on Site 300 CERCLA activities.

Documentation: In 2004, LLNL submitted all required documentation to oversight
agencies by agreed upon regulatory submission dates. The Final Remedial Design for the
Building 850 Operable Unit (Taftet et al. 2004a), Second Draft Final Remedial Investi-
gation/Feasibility Study (R1/FS) for the Pit 7 Complex Operable Unit (Tatfet et al.
2004b), Annual 2003 Compliance Report for Lawrence Livermore National Laboratory
Site 300 (Dibley et al. 2004a), First Semester 2004 Compliance Report for Lawrence
Livermore National Laboratory Site 300 (Dibley et al. 2004b), quarterly reports, and
work plans were among the documents submitted.
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Agency for Toxic Substances and Disease Registry Assessment

The Agency for Toxic Substances and Disease Registry (ATSDR), part of the Centers for
Disease Control of the U.S. Department of Health and Human Services, is responsible
for assessing public health impacts at U.S. DOE sites undergoing environmental
restoration. In 2004, the ATSDR completed a public health assessment (PHA) of the
Livermore site that incorporates the findings of all the PHAs and health consultations
conducted over the past ten years by the ATSDR and the California Department of
Health Services Environmental Health Investigation Branch. The 2004 PHA found
“No Apparent Public Health Hazard” from past and ongoing operations of the labora-
tory.

According to the PHA, the findings mean

“...that although community exposures of site-related contaminants may
have occurred or may be occurring, the resulting doses are unlikely to
result in any adverse health effects and are consequently below levels of
health concern....The current environmental monitoring program
conducted by LLNL is adequate to ensure that future releases of
hazardous substances will not present a future public health hazard.”
(ATSDR 2004)

The PHA, which was published in June 2004, can be read as a printed copy at the
Livermore Public Library or the LLNL Environmental Repository, or viewed at
http://www-envirinfo llnl.gov/. On August 11, 2004, the ATSDR held its final public
meeting in Livermore to discuss its findings and answer questions.

The 2004 PHA is the latest in a long series of activities to assure that LLNL presents no
potential environmental or public health impacts to the community. See Table 2-1 for
examples of the many historic studies on the potential for impacts due to plutonium
releases to the city sewer plant in 1967. None of the studies has found a potential for
public health impact or harm.

In January 2005, the ATSDR also completed a PHA of Site 300, which concludes:

... that the environmental contamination related to Site 300 presents
No Public Health Hazard based on the fact that exposure to contami-
nants from Site 300 is not occurring now, has not occurred in the past
and is not expected to occur in the future.... Currently off-site residents
are not being exposed to contaminated groundwater originating from
Site 300....There are no completed past exposure pathways for contami-
nated groundwater. No contamination from Site 300 has ever been
detected in off-site water supply wells.” (ATSDR 2005)
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Table 2-1 History of off-site plutonium sampling in soil and sludge (continued)
. . (@) Sample Sample Sample Regulatory Sample Type: . . (@)
UL pecationt) Design!®?) | Collection!®) Analysis(@) Oversight(© Sample Range(® il s
Surveillance LWRP LLL (later LLNL) | LLL (later LLL (later LLNL) USAEC/DOE, Highest values: Below industrial USEPA Region 9
Sampling LLNL) CDPH-BRH, soil (1992) Preliminary Remediation Goal;
1973-ongoing USEPA <2.96 pCi/g then 13 pCi/g, now 10 pCi/g
sludge (1987): (Sanchez et al. 2004; Table 5-5)
<10.18 pCi/g
1980 Downwind CDHS CDHS CDHS CDHS, LLNL soil: No significant elevations beyond
locations 0.0025-0.0312 pCi/g vicinity of LLNL facility
(Toy et al. 1981; Tamplin 1980)
1993 Big Trees Park | USEPA, NAREL | NAREL NAREL USEPA soil: No health hazard; recommend
<0.164 pCi/g further sampling only in Big Trees
Park
(NAREL 1994; Gallegos et al.
1994)
1995 Big Trees Park | USEPA, NAREL, | LLNL LLNL, USEPA, USEPA, CDHS- | soil: No unacceptable risk to human
additional LLNL, CDHS- CDHS-RHB, Lock- RHB <1.02 pCi/g health
sampling RHB, LWRP, heed Analytical (MacQueen 1995)
LARPD, Arroyo Services No further action needed, not a
Seco School, health concern
Public input (USEPA 1995)
1998 Big Trees Park |USEPA, CDHS, |LLNL USEPA, CDHS, USEPA, CDHS- | soil: Below levels of health concern set
ATSDR, LLNL, ATSDR, General RHB <0.774 pCi/g by EPA; no further action required.
CDHS-RHB, Engineering Labo- (ATSDR 2000)()
LWRP, LARPD, ratory, Georgia No health basis for additional

Institute of Tech-
nology Environ-
mental Resources
Center, LLNL

sampling; recommendation of soil
sampling would be irresponsible.
(ATSDR 2003)()

Note: Through the years covered by this summary table, the names of many of the institutions involved have changed. Lawrence Radiation Laboratory (LRL) became
Lawrence Livermore Laboratory (LLL) and then became Lawrence Livermore National Laboratory (LLNL). The United States Atomic Energy Commission (USAEC)
became the Energy Research and Development Administration (ERDA), and then became the Department of Energy (DOE). The California Department of Public
Health, Bureau of Radiological Health (CDPH-BRH) became the California Department of Health Services, Radiation Health Branch (CDHS-RHB). The radiological
oversight function of the United States Department of Health, Education, and Welfare (USDHEW) transferred to the United States Environmental Protection Agency
(USEPA) when the USEPA was established in 1970.

o o6 T Q

Based on Federal standards and guidelines.
“Gross alpha” represents total detected alpha radiation from all alpha-emitting nuclides; LLNL upgraded monitoring in 1971 to analyze for plutonium-239+240.

See Acronyms and Abbreviations for list of acronyms.

The 2000 and 2003 ATSDR reports are part of its LLNL public health assessment. ATSDR performs health assessments at all DOE sites conducting environmental resto-

ration under CERCLA. The ATSDR, LLNL's annual, and other environmental reports may be viewed at http://www -envirinfo.llnl.gov/ or by contacting Bert Heffner at

925/424-4026.
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The ATSDR recommended continuing environmental remediation and environmental
monitoring. It determined earlier in the PHA process that

“The current environmental monitoring program conducted by LLNL is
adequate to ensure that future releases of hazardous substances will not
present a future public health hazard.” (ATSDR 2005)

The Site 300 PHA can be viewed at http: / /www-envirinfo.llnl.gov/ or read as a printed
copy at the Tracy City Library or the LLNL Environmental Repository. The ATSDR
held a public meeting on February 24, 2005, in Tracy to discuss its findings and answer
questions.

Emergency Planning and Community Right-to-Know Act and
Toxics Release Inventory Report

Title III of SARA is known as the Emergency Planning and Community Right-to-Know
Act (EPCRA). It requires owners or operators of facilities that handle certain hazardous
chemicals on site to provide information on the release, storage, and use of these
chemicals to organizations responsible for emergency response planning. Executive
Order 13148 directs all federal agencies to comply with the requirements of the EPCRA,
including SARA Section 313, “Toxics Release Inventory (TRI) Program.”

On June 28, 2004, LLNL submitted to the National Nuclear Security Administration
(NNSA)/DOE the TRI Form R for lead detailing environmental release estimates for
Site 300. (Form R is used for reporting TRI chemical releases including waste manage-
ment and waste minimization activities.) A 72% reduction in lead releases was achieved as
a result of a continuing effort to substitute nontoxic, nonlead (frangible), and reduced
lead containing ammunition where feasible.

EPCRA requirements and LLNL compliance are summarized in Table 2-2.

Resource Conservation and Recovery Act and Related
State Laws

The Resource Conservation and Recovery Act (RCRA) provides the framework at the
federal level for regulating the generation and management of solid wastes, including
wastes designated as hazardous. Similarly, the California Hazardous Waste Control Act
(HWCA) and the California Code of Regulations (CCR) Title 22 set requirements for
managing hazardous wastes in California. RCRA and HWCA also regulate hazardous
waste treatment, storage, and disposal facilities, including permit requirements. Because
RCRA program authorization was delegated to the State of California in 1992, LLNL
works with DTSC on compliance with federal and state issues and in obtaining
hazardous waste permits.
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Table 2-2. Compliance with EPCRA

EPCRA requirement(@)

Brief description of requirement(@)

LLNL action

302 Planning Notify SERC of presence of extiremely Originally submitted May 1987.
Notification hazardous substances.

303 Planning Designate a facility representative to serve | Update submitted April 27, 2004.
Notification as emergency response coordinator.

304 Release Report releases of certain hazardous No EPCRA-listed extremely hazardous
Notification substances to SERC and LEPC. substances were released above

reportable quantities in 2004.

311 MSDS/Chemical
Inventory

Submit MSDSs or chemical list to SERC,
LEPC, and Fire Department.

Update submitted April 27, 2004.

312 MSDS/Chemical
Inventory

Submit hazardous chemical inventory to
local administering agency (county).

Business plans and chemical inventory
submitted to San Joaquin County
(January 13, 2004) and Alameda
County (April 1, 2004).

313 Toxics Release
Inventory

Submit Form R to U.S. EPA and California
EPA for toxic chemicals released above
threshold levels.

Form R for lead (Site 300 only) was
submitted to DOE June 28, 2004; DOE
forwarded it to U.S. EPA and California

EPA June 28, 2004.

a See Acronyms and Abbreviations for list of acronyms.

Hazardous Waste Permits

Livermore Site: The hazardous waste management facilities at the Livermore site
consist of permitted units (located in Area 612 and Buildings 693 and 695 of the Decon-
tamination and Waste Treatment Facility [DWTF]). The units that were operated under
interim status (Area 514 Facility and the Building 233 Container Storage Facility) have
been relocated to permitted facilities. Building 233 and Area 514 are currently under-
going RCRA closure. Permitted waste management units include container storage, tank
storage, and various treatment processes (e.g., wastewater filtration, blending, and size
reduction). During 2003 /2004, LLNL also submitted several Class 1 and Class 2 permit
modification requests to DTSC; all the requested Class 1 and some Class 2 permit modifi-
cations have been approved and implemented. Many of these modification requests are
related to as-built changes and consolidation of storage and treatment of hazardous waste
at the DWTF complex. On December 29, 2004, DTSC updated LLNL’s Hazardous
Waste Facility Permit (HWEP).

A final closure plan for the Building 419 Interim Status Facility was submitted to DTSC
February 2001. DTSC is continuing its review of this closure plan. LLNL has provided
additional information requested by DTSC, including responding to Building 419
Notices of Deficiency (NODs) that DTSC issued in November 2004.

See Table 2-3 for a summary of permits active in 2004. See Table 2-4 for a summary of
inspections and Table 2-7 for a description of a Summary of Violations (SOVs) received
as a result of a DTSC’s Compliance Evaluation Inspection (CEI) conducted during
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Table 2-3. Permits active in 2004
S ?f Livermore site(®(b) Site 300 (@)(b)
permit

Hazardous |EPA ID No. CA2890012584. EPA ID No. CA2890090002.

waste Hazardous Waste Facility Permit Number Part B Permit—Container Storage Area
99-NC-006 (RCRA Part B permit)—to operate (Building 883) and Explosives Waste Storage
hazardous waste management facilities including | Facility.

Buildings 693 and 695, and Area 612. Activities |Part B Permit—Explosives Waste Treatment
authorized in these areas include treatment and Facility.

storage of hazardous and mixed wastes subject to | Part B Permit—RCRA-Closed Building 829 High
the conditions specified in the Part B permit. LLNL |Explosives Open Burn Facility, Post-Closure

is also a Registered Hazardous Waste Hauler and is | Permit.

authorized to transport wastes from Site 300 to the

Livermore site.

Authorization to mix resin in Unit CE231-1 under a

Conditionally Exempt Specified Wastestream

permit.

Medical Two permits for large quantity medical waste Limited Quantity Hauling Exemption for small

waste generation and treatment: one covering the quantity medical waste generator.
Biosciences Directorate, Health Services Depart-
ment, Forensic Science Center, Medical Photonics
Lab, Tissue Culture Lab, and Chemistry and Mate-
rials Science Department; the second covering
medical waste generation and treatment activities
planned for the Biosafety Level 3 (BSL-3) labora-
tory.

Air BAAQMD issued 178 permits for operation of SJVAPCD issued 40 permits for operation of
various types of equipment, including boilers, various types of equipment, including boilers,
emergency generators, cold cleaners, degreasers, |emergency generators, paint spray booth,
printing press operations, manual wipe-cleaning groundwater air strippers, soil vapor extraction
operations, metal machining and finishing opera- | units, woodworking cyclone, gasoline-
tions, silk-screening operations, silk-screen dispensing operation, explosive waste treatment
washers, paint spray booths, adhesives operations, | units, drying ovens, and the Contained Firing
optic coating operations, storage tanks containing | Facility.

VOCs in excess of 1.0%, drum crusher, semicon-
ductor operations, diesel air-compressor engines,
groundwater air strippers, soil vapor extraction
units, material-handling equipment, sewer diver-
sion system, oil and water separator, fire-test cells,
gasoline-dispensing operation, paper-pulverizer
system, and firing tanks.

Storage Seven operating permits covering 10 underground | One operating permit covering five under-

tanks petroleum product and hazardous waste storage | ground petroleum product tanks assigned indi-
tanks: 111-D1U2 Permit No. 6480; 113-D1U2 vidual permit numbers: 871-D1U2 Permit No.
Permit No. 6482; 152-D1U2 Permit No. 6496; 008013(9; 875-D1U2 Permit No. 006549'9);
271-D2U1 Permit No. 6501; 321-D1U2 Permit No. |879-D1U1 Permit No. 006785; 879-G3U1
6491; 365-D1U2 Permit No. 6492; and Permit No. 007967; and 882-D1U1 Permit No.
611-D1U1, 611-G1U1, 611-G2U1, and 006530
611-O1U1 Permit No. 6505.
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Table 2-3. Permits active in 2004 (continued)
L ?f Livermore site((®) Site 300 (@)(b)
permit

Sanitary Discharge Permit 12501 (2003/2004 and

sewer 2004/2005®) for discharges of wastewater to the
sanitary sewer.

Permit 1510G (2002/2004%) for discharges of
groundwater from CERCLA restoration activities to
the sanitary sewer.

Water WDR Order No. 88-075 for discharges of treated | WDR Order No. 93-100 for post-closure moni-
groundwater from Treatment Facility A to recharge |toring requirements for two Class | landfills.
basin.(9) WDR Order No. 96-248 for operation of two
WDR Order No. 95-174, NPDES Permit No. Class Il surface impoundments, a domestic
CA0030023 for discharges of storm water associ- |sewage lagoon, and percolation pits.
ated with industrial activities and low-threat WDR Order No. 97-03-DWQ, NPDES California
nonstorm water discharges to surface waters. General Industrial Activity General Permit
WDR Order No. 99-08-DWQ, NPDES California No. CAS000001 for discharge of storm water
General Construction Activity Permit No. associated with industrial activities.
CAS000002; Terascale Simulation Facility, Site ID | WDR Order No. 97-242, NPDES Permit
No. 201C317827; Sensitive Compartmented Infor- | No. CA0082651 for discharges of treated
mation Facility, Site ID No. 201C317621; Soil groundwater from the eastern General Services
Reuse Project, Site ID No. 201C305529; National |Area treatment unit.
Ignition Facility, Site ID No. 201C306762; East WDR Order No. 5-00-175, NPDES Permit
Avenue Security Upgrade Project, Site ID No. CAG995001 for large volume discharges
No. 201C320036; 5th Street Project, Site ID No. | from the drinking water system that reach
201C321420; and Central Cafeteria, Site ID No. |surface waters.
201C320518, for discharges of storm water associ- | Nationwide Permit 27 for enhancing red-legged
ated with construction activities affecting 0.4 hect- |frog breeding ponds.
ares (1 acre) or more. Water Quality Certification for red-legged frog
FFA for groundwater investigation/remediation. breeding ponds, WDID # 5B39CR00047.
Regional General Permit 1 for the Arroyo Mocho FFA for groundwater investigation/remediation.
Fish Passage/Sediment Reduction Proiecf(h) 34 registered Class V injection wells

a Numbers of permits are based on actual permitted units or activities maintained and renewed by LLNL during 2004.

o

See Acronyms and Abbreviations for list of acronyms.

These tanks were closed and removed on September 22, 2004.

d Permit 1250 includes wastewater generated at Site 300 and discharged at the Livermore site.

e The Discharge Permit 1250 period is from May 15 to May 14; therefore, two permits were active during the 2004 calendar

year.

f Permit 1510G is a two-year (January to December) permit.

g Recharge basins referenced in WDR Order No. 88-075 are located south of East Avenue within Sandia National
Laboratories/California boundaries.

h Project location is at the Arroyo Mocho Pump Station. See section on Water Quality and Protection for discussion.
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Table 2-4.  Inspections and tours of Livermore site and Site 300 by external agencies in 2004
Medium Description(®) Agency(©@ Date Finding(®
Livermore Site
Waste Hazardous waste facilities CEl DTSC 5/27,5/28, Received inspection reports
6/1, 6/2,6/3 | and SOVs 7/19/04 and
12/7/04. See Table 2-7 for
description and resolution.
Visit of RCRA closure project Building 233 DTSC 3/19 Site visit to see the unit under-
Container Storage Area. This was a tour, going closure
not an inspection
Medical waste ACDEH 9/21 No violations
Air Emission sources BAAQMD 2/25,3/16, Received one NOV 3/16/04.
7/29, 8/5, See Table 2-7 for description
11/30 and resolution.
Sanitary Annual compliance sampling LWRP 9/7-9/8 No violations
sewer
Categorical sampling 9/7 No violations
Process evaluation at DWTF 9/8 No violations
Storage Compliance with underground storage tank | ACDEH 10/20 No violations
tanks requirements and operating permits 10/27
Site 300
Waste Permitted hazardous waste operational DTSC 10/28/2003- | Received an inspection report
facilities (EWTF, EWSF, Building 883 CSA), 10/29/2003 | 1/20/04 with a violation. See
RCRA-closed, post-closure permitted facility Table 2-7 for description and
Building 829 HE Open Burn Facility, resolution.
Building 883 WAA, Building 802 Space
Action Team WAA, Building 814 Space
Action Team WAA, Satellite Accumulation
Areas, waste generating areas, and a
review of hazardous waste-related docu-
mentation.
Compliance with hazardous waste gener- | San 8/2 Received three violations. See
ator regulations. Joaquin Table 2-7 for description and
County— resolution.
CUPA
Air Emission sources SJVAPCD 7/8 No violations
Water Eastern General Services Area Ground CVRWQCB | 2/9, 2/11 No violations
Water Treatment System
Permitted operations 10/25 No violations
Storage Compliance with underground storage tank | SICEHD 1/27, 9/22 No violations
tanks requirements and operating permits 10/20, 10/26

a See Acronyms and Abbreviations for list of acronyms.
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May, June, and July 2004. LLNL has responded to all seven summary of violations
(SOVs) issued on July 19 and December 7, 2004, as part of the 2004 CEIL

Site 300: The hazardous waste management facilities at Site 300 consist of three
operational RCRA-permitted facilities. The Explosives Waste Storage Facility and Explo-
sives Waste Treatment Facility are permitted to store and treat explosives waste only.
The Building 883 Container Storage Area is permitted to store routine facility-generated
waste such as spent acids, bases, contaminated oil, and spent solvents. See Tables 2-3
and 2-4 respectively for a summary of active permits and inspections at Site 300 in 2004.
As a follow up to the October 28, 2003, DTSC CEI, DTSC issued a violation to

Site 300 on January 20, 2004, for not having a training plan for personnel inspecting the
Building 829 post-closure facility. LLNL has contested the violation and is awaiting a
response from DTSC. See Table 2-7 for details.

DTSC did not inspect Site 300 during calendar year 2004. However, annual facility
inspections are based on the state fiscal year, which starts on July 1 and ends on June 30.
Therefore, it is anticipated that DTSC will conduct the annual CEI on or before

June 30, 2005, in order to comply with the requirement for an annual inspection based
on the state fiscal year.

The San Joaquin County Environmental Health Department, acting as the Certified,
Unified Program Agency (CUPA), found three violations during a hazardous waste
generator compliance inspection on August 2, 2004 (see Table 2-7 for details). LLNL
corrected the violations and submitted the Certification of Return to Compliance on
September 9, 2004.

Hazardous Waste Reports

LLNL completed two annual hazardous waste reports, one for the Livermore site and
the other for Site 300, that addressed the 2004 transportation, storage, disposal, and
recycling of hazardous wastes at the respective sites. The 2004 Hazardous Waste Report-
Mainsite and 2004 Hazardous Waste Report-Site 300 were submitted to the DTSC by
April 1, 2005.

Hazardous Waste Transport Registration

Transportation of hazardous waste over public roads (e.g., from one LLNL site to
another) requires DTSC registration (22 CCR 66263.10). DTSC renewed LLNL’s
registration in November 2004.

Waste Accumulation Areas

LLNL Programs maintain waste accumulation areas (WAAs) in compliance with waste
generator requirements specified in 40 Code of Federal Regulations (CFR) part 262,
and Title 22 California Code of Regulations (CCR) part 66262.34, for the temporary
storage (less than 90 days) of hazardous waste prior to transfer to a treatment, storage,
and disposal facility. In January 2004, there were 20 WAAs at the Livermore site.
During 2004, four temporary WAAs were put into service, while one temporary WAA
was taken out of service. Program representatives conducted inspections at least weekly
at all WAAs to ensure that they were operated in compliance with regulatory require-
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ments. Approximately 1086 prescribed WAA inspections were conducted at the
Livermore site. At Site 300 during 2004, one permanent WAA was in operation; two
temporary WAAs were put into service, while one temporary WAA was taken out of
service. Program representatives conducted approximately 114 prescribed WAA inspec-
tions at Site 300.

California Medical Waste Management Act

All LLNL medical waste management operations comply with the California Medical
Waste Management Act, which establishes a comprehensive program for regulating the
management, transport, and treatment of medical wastes that contain substances that
may potentially infect humans. The program is administered by California Department
of Health Services and is enforced by the Alameda County Department of Environ-
mental Health (ACDEH).

LLNL is registered with the ACDEH as a generator of medical waste and has a treat-
ment permit. No violations were issued as a result of the September 2004 ACDEH

inspection of buildings at LLNL Health Services, the Biosciences Directorate, and the
Medical Photonics Laboratory. (See Tables 2-3 and 2-4.)

Radioactive Waste and Mixed Waste Management

LLNL manages radioactive waste and mixed waste in compliance with applicable sections
of DOE Order 435.1, as described in LLNL's ES¢&"H Manual, Document 36.1,
“Hazardous, Radioactive, and Biological Waste Management Requirements.” LLNL
has also written the Radioactive Waste Management Basis (LLNL 2001), which summa-
rizes radioactive waste management controls relating to waste generators and treatment
and storage facilities.

Federal Facility Compliance Act

LLNL is continuing to work with DOE to maintain compliance with the Federal Facili-
ties Compliance Act Site Treatment Plan (STP) for LLNL that was signed in February
1997. During 2004, LLNL requested extensions for six of the eleven STP milestones
that were due in 2004. DTSC granted the milestone extensions because LLNL had
made significant progress towards completion of the milestones and had reduced the
overall inventory of mixed waste stored at LLNL. The remaining five milestones for
2004 were completed on time. LLNL also completed seven milestones well in advance
of their due dates, which ranged from 2005 to 2010.

In 2004 LLNL reduced the inventory of mixed low-level waste by over 120 cubic
meters. LLNL also completed the characterization of the mixed transuranic (TRU)
drums that were in inventory and initiated shipments of TRU waste to the Waste Isola-
tion Pilot Plant (WIPP). Reports and certification letters were submitted to DOE as
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required. LLNL continued to pursue the use of commercial treatment and disposal facil-
ities that are permitted to accept mixed waste. These facilities provide LLNL greater
flexibility in pursuing the goals and milestones set forth in the STD.

Toxic Substances Control Act

The Federal Toxic Substances Control Act (TSCA) and implementing regulations found
in 40 CFR Part 700-789 govern the uses of newly developed chemical substances and
TSCA-governed waste by establishing the following partial list of requirements: record-
keeping, reporting, disposal standards, employee protection, compliance and enforce-
ment, and clean up standards.

In 2004, LLNL generated TSCA-regulated polychlorinated biphenyl (PCB) waste from
electrical equipment contaminated with PCBs, liquid PCBs used to calibrate analytical
equipment, and asbestos from building demolition or renovation projects.

All TSCA-regulated waste was disposed in accordance with TSCA, state, and local
disposal requirements except for radioactively contaminated PCB waste. Radioactive
PCB waste is currently stored at one of LLNL’s hazardous waste storage facilities until an
approved facility accepts this waste for final disposal.

Air Quality and Protection
Clean Air Act

All activities at LLNL are evaluated to determine the need for air permits. Air permits are
obtained from the Bay Area Air Quality Management District (BAAQMD) for the
Livermore site and from the San Joaquin Valley Air Pollution Control District
(SJVAPCD) and /or BAAQMD for Site 300.

LLNL operated 178 permitted air emission sources at the Livermore site in 2004.
During an inspection in March 2004, the BAAQMD issued a notice of violation (NOV)
for non-compliance with a sampling requirement in the time period of July 28-30, 2003.
(see Table 2-4). LLNL was subsequently assessed a $650 penalty (see Table 2-7).

The BAAQMD revised Regulation 2 Rule 2 and Regulation 2 Rule 4 in December
2004, which impacted the site-wide emission limits of LLNL’s Synthetic Minor Oper-
ating Permit. The revised regulation redefined a “small facility” as well as the accessibility
to the Small Facility Bank that provides emission credits for new and modified sources.
As aresult, LLNL was required to agree to reduce the annual permitted threshold values
by 15 tons per regulated pollutant type. As such, our new emission limit for oxides of
nitrogen from combustion sources is 35 tons per year rather than the previous 50 tons
per year. The same reduction to 35 tons per year from 50 tons per year also applies to
emissions of precursor organic compounds from solvent evaporation which occurs in
many institutional operations, such as wipe cleaning and painting. As long as the
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reduction to 35 tons per year is maintained, LLNL is ensured the opportunity to borrow
credits from the Small Facility Bank rather than buy such credits on the open market;
buying such credits on the open market is an expensive and time-consuming process. In
accordance with permit conditions, on June 29, 2004, LLNL submitted to the
BAAQMD an annual report summarizing emissions from July 1, 2003, through June
30,2004.

In 2004, the SJVUAPCD issued or renewed air permits for 40 air emission sources for
Site 300 (see Table 2-3). There were no violations issued from the 2004 air inspection
of Site 300 facilities (see Table 2-4).

National Emission Standards for Hazardous Air Pollutants,
Radionuclides

To demonstrate compliance with the National Emission Standards for Hazardous Air
Pollutants (NESHAPs) for radiological emissions, LLNL is required to monitor certain
air release points and evaluate all potential sources of radionuclide air emissions to deter-
mine the maximum possible dose to the public. These evaluations include modeling
(using EPA-sanctioned computer codes) based on radionuclide inventory data, air
effluent (source emission) monitoring, and air surveillance monitoring. The LLNL
NESHAPs 2004 Annual Report (Harrach et al. 2005), submitted to DOE and EPA,
reported that the estimated maximum radiological doses to the public were 0.079 nSv
(0.0079 mrem) for the Livermore site and 0.26 pSv (0.026 mrem) for Site 300 in 2004.
The reported doses include contributions from both point and diffuse sources. The
totals were well below the 100 uSv/y (10 mrem/y) dose limits defned by the NESHAPs
regulations. Additional information on the data are described in Chapter 6.

In 2004, LLNL continuously monitored radionuclide emissions from Building 331
(the Tritium Facility), Building 332 (the Plutonium Building), and portions of five
other facilities (see Chapter 3). There were no unplanned atmospheric releases at the
Livermore site or at Site 300 in 2004. Monitoring activities and results related to air are
described further in Chapter 3.

Water Quality and Protection
Clean Water Act and Related State Programs

Preserving clean water is an objective of local, state, and federal regulations. The
National Pollutant Discharge Elimination System (NPDES) under the federal Clean
Water Act (CWA) establishes permit requirements for discharges into waters of the
United States. In addition, the State of California, under the Porter-Cologne Water
Quality Control Act, requires permits, known as Waste Discharge Requirements
(WDRs), for any waste discharges affecting the beneficial uses of waters of the state.
These permits, as well as water quality certifications for discharges authorized under
Section 401 of the CWA, are issued by local Regional Water Quality Control Boards
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(RWQCBs) and the State Water Resources Control Board. RWQCBs enforce both the
regional and state issued permits. Section 401 state certifications are required when the
Army Corps of Engineers issues permits under Section 404 of the CWA. Several other
agencies issue other water-related permits. The Livermore Water Reclamation Plant
(LWRP) requires permits for discharges to the city’s sanitary sewer system. The Cali-
fornia Department of Fish and Game (CDFG), under the Fish and Game Code, requires
streambed alteration agreements (SAAs) for any work that may disturb or impact rivers,
streams, or lakes. The Safe Drinking Water Act requires registration with the EPA and
management of injection wells to protect underground sources of drinking water.

Water-related permits and inspections from outside agencies are summarized in

Tables 2-3 and 2-4, respectively. LLNL received one NOV in 2004 for the Terascale
Simulation Facility for the failure to pay an NPDES permit annual fee, but the NOV was
later withdrawn (see Table 2-5). LLNL identified an administrative nonconformance
with permit conditions for failure to document formal storm water inspections at the
Sensitive Compartmented Information Facility, which is permitted by NPDES permit
number CAS000002. This instance is discussed in the required annual compliance
certification.

Table 2-5. Water-related permit nonconformance

Permit No(®) Nonconformance(® e of Description-solution(®)
nonconformance
1250, LWRP | Excursion below pH permit limit of 5; 3/7/04 Remainder of effluent captured
sanitary approximately 250 gallons of effluent and contained on site by Sewer
sewer permit | discharged to the LWRP with a pH of Diversion Facility. LLNL received no
4.63. enforcement action from the LWRP.
CAS000002 | NOV issued for failure to pay permit 8/19/04 NOV was withdrawn after the fee
WDID No. fee for the Terascale Simulation was paid and because the agency
201C317827 | Facility sent the invoices to the wrong
address.
CAS000002, | Sensitive Compartmented Informa- 12/24/03- Incidents were identified to project
WDID No. tion Facility—Failure to document 6/30/04b) management and noted in the
201C317621 | required storm water inspections. annual compliance certification
ALP dated 6/29/04.

a See Acronyms and Abbreviations for list of acronyms.

b These dates reflect the construction reporting period of June 2003 through May 2004.

In 2004, LLNL obtained coverage under Regional General Permit 1 for Fish
Passage /Sediment Reduction Projects at Water Crossings from the Army Corps of Engi-
neers. This permit authorized LLNL to remove an existing, at-grade creek crossing in
the upper reaches of the Arroyo Mocho, which prevented steelhead and resident trout
migration, and replace the creek crossing with a clear-span bridge. The bridge is used
regularly by LLNL staff to access the Arroyo Mocho Pump Station. See the Arroyo

Mocho Road Improvement and Anadromous Fish Passage Project section of Chapter 5
for details.
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LLNL received no enforcement action from the LWRP during 2004. See Table 2-5 for
a summary of nonconformance with water-related permits. Monitoring activities and
results related to water permits are described in Chapter 4.

Tank Management

The CWA and California Aboveground Petroleum Storage Act require facilities meeting
specific storage requirements to have and implement Spill Prevention Control and
Countermeasure plans for aboveground, oil-containing containers, including equipment
and tanks. ACDEH and San Joaquin County Environmental Health Department
(SJCEHD) also issue permits for operating underground storage tanks containing
hazardous materials or hazardous waste as required under the California Health and

Safety Code.

LLNL manages its underground and aboveground storage tanks through the use of
underground tank permits, monitoring programs, operational plans, closure plans and
reports, leak reports and follow-up activities, and inspections. At LLNL, permitted
underground storage tanks contain diesel fuel, gasoline, and used oil; aboveground
storage tanks contain fuel, insulating oil, and process wastewater. Some non-permitted
wastewater tank systems are a combination of underground storage tanks and above-
ground storage tanks. Table 2-6 shows the status of in-service tanks at the Livermore
site and Site 300 as of December 31, 2004. All permitted underground storage tanks
were inspected by the regulating agencies in 2004. No violations were noted during the
inspections. See Table 2-4 for summary of inspections.

Other Environmental Statutes
National Environmental Policy Act

The National Environmental Policy Act (NEPA) is our country’s basic environmental
charter. NEPA requires the federal government to do two things when they consider a
proposed project or action: 1) consider how the action will affect the human environ-
ment, and 2) inform the public and involve them in the decision making process. LLNL
is not a federal agency, but LLNL activities are generally funded by the federal govern-
ment; therefore, the activities must comply with the requirements of NEPA.

Federal agencies meet the first NEPA requirement by studying the impact a project
would have on the human environment. The agency studies the components of the
human environment that may be affected by the project, which may or may not include:
air, water, soil, biological resources, socioeconomics, aesthetics, noise, or cultural
resources. The results of their studies are written in a “NEPA document.” Federal
agencies meet the second requirement (inform the public) by distributing the NEPA
documents. NEPA documents are made available in public reading rooms, on the
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Table 2-6. In-service tanks in 2004

Livermore site Site 300
Tank type Permitted Permii‘s not Permitted Permi'r.s not
required required

Underground storage tanks

Diesel fuel 7 0 2 0
Gasoline 2 0 1 0
Used oil 1 0 0 0
Process wastewater 0 45 0] 11
Subtotal 10 45 3 11
Aboveground storage tanks

Diesel fuel 0 24 0 7
Insulating oil 0 1 0 3
Process wastewater 9(a) 58 0 16
Miscellaneous non-waste tanks 0 11 0 2
Subtotal 9 94 0 28
Total 19 139 3 39

a Nine tanks are located at Building 695, the Decontamination and Waste Treatment Facility.

internet, and sometimes are directly mailed to interested parties. Federal agencies often
involve the public in their decisions about proposed projects by holding public meetings
and asking for comments on their NEPA documents.

There are two types of NEPA documents: environmental impact statements and environ-
mental assessments (EAs). Environmental impact statements are prepared for major
federal actions that significantly affect the quality of the human environment. In
contrast, EAs are prepared for federal actions that will not have a significant impact on
the environment. The federal agency decides which type of document to prepare after
studying the impact to the environment.

Some projects do not require the preparation of either an environmental impact state-
ment or an environmental assessment. These projects fit into categories of activities that
are well understood and known to have no impact on the human environment. After an
agency studies the environmental impacts of a project and determines that the project fits
into one of these categories, no further documentation is required. Nonetheless, some
tfederal agencies, including DOE at LLNL, choose to write a memorandum that
describes the project and explains why it meets the criteria for being categorically
excluded. These memoranda are referred to as CXs, Cat Xs, and Categorical Exclusions
—technically, they are not actual NEPA documents.
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The paragraphs that follow provide details about the NEPA documents and Categorical
Exclusions that have been prepared for LLNL projects this year.

There were no LLNL projects in 2004 that required DOE EAs. Sixteen categorical
exclusion recommendations were approved by DOE, and there were no proposed

actions at LLNL that required separate DOE floodplain or wetlands assessments under
DOE regulations in 10 CFR 1022.

In 2004, DOE published the draft Site-wide Environmental Impact Statement for the
Continued Operation of Lawrence Livermore National Laboratory and Supplemental
Stockpile Stewardship and Management Programmatic Environmental Impact Statement
(LLNL SW/SPEIS). The dratt LLNL SW/SPEIS was issued for a 90-day public
comment period (February 27 to May 27, 2004 ). Three public hearings were held in
2004: April 27 in Livermore, April 28 in Tracy, and April 30 in Washington, D.C.

The final LLNL SW/SPEIS is scheduled to be complete, and a Record of Decision
filed, in summer 2005. The final LLNL SW/SPEIS will replace the 1992 Final Envi-
ronmental Impact Statement and Envivonmental Impact Report for Continued Opera-
tion of Lawrence Livermore National Laboratory and Sandia National Laboratories,
Livermore (1992 EIS/EIR) (U.S. DOE and UC 1992a,b) and its March 1999 Supple-
ment Analysis.

Since November 1992, the University of California (UC) and LLNL have implemented
mitigation measures identified by the 1992 EIS/EIR. An addendum to the 1992
EIS/EIR was prepared in 1997. The measures are being implemented in accordance
with the approved 1992 Mitigation Monitoring and Reporting Program associated with
the 1992 EIS/EIR. The 2000 mitigation monitoring report was published in 2003. The
2001, 2002, and 2003 mitigation monitoring reports will be published in 2005.

National Historic Preservation Act

The National Historic Preservation Act (NHPA) applies to historically important places
and to the preservation of prehistoric and historic resources of the United States. LLNL
resources subject to NHPA consideration range from prehistoric archeological sites to
remnants of LLNL’s own history of scientific and technological endeavor. The responsi-
bility to comply with the provisions of NHPA rests solely with DOE as a federal agency.
LLNL and UC as its contractor operator support DOE NHPA responsibilities. LLNL
does so with direction from DOE.

The two primary NHPA sections that apply to LLNL are Sections 106 and 110.
Section 106 requires federal agencies to take into account the effects their undertakings
may have on historic properties. The agencies must allow and consider comments of the
federal Advisory Council on Historic Preservation. The Section 106 regulations outline a
five-step review process that is conducted for individual federal actions. Section 110 sets
forth broad affirmative responsibilities to balance agency missions with cultural values.
Its purpose is to ensure full integration of historic preservation into federal agency
programs.
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LLNL has taken two approaches to streamline historic preservation efforts and focus on
important historic properties under its management. First, DOE, UC, and the State
Historic Preservation Officer (SHPO) reached an agreement in July 2003 that governs
historic preservation program activities until resource inventory and assessment activities
specified in the agreement are complete. The goal is to reduce the amount of paperwork
necessary to ensure protection of important historic properties by reaching a consensus
on where and how to effectively focus LLNL's efforts. Second, as is specified in the
agreement, is to complete within a reasonable timeframe an inventory of places (prehis-
toric and historic, archeological, and architectural) that meets a statutory threshold of
historic importance. LLNL is on schedule with this inventory and assessment etfort.
During 2004, LLNL completed significance assessments for all known archeological sites
as well as prepared an historic context statement. LLNL also completed all work neces-
sary to support future National Register of Historic Places determinations for buildings,
structures, and objects at the Livermore site and Site 300. Formal National Register
determinations will be made by DOE in consultation with the SHPO in 2005.

Antiquities Act

Provisions of the Antiquities Act provide for recovery of paleontological remains. After
the discovery of mammoth remains in conjunction with the National Ignition Facility
construction in 1997, LLNL has remained vigilant for other fossil finds. No remains
subject to the provisions of the Antiquities Act were identified in 2004.

Endangered Species Act and Sensitive Natural Resources

Requirements of the U.S. Endangered Species Act, the California Endangered Species
Act, the Eagle Protection Act, the Migratory Bird Treaty Act, and the California Native
Plant Protection Act are met as they pertain to endangered or threatened species and
other special-status species, their habitats, and designated critical habitats that exist at the
LLNL sites. For example, DOE consults with the U.S. Fish and Wildlife Service
(USFWS) when activities will result in an impact to federally endangered or threatened
species, surveys for the presence of species of special concern, and follows mitigation
requirements in biological opinions. A biological assessment (BA) for the implementa-
tion of the Arroyo Seco Management Plan was prepared and submitted to USFWS on
August 14, 2003, and the USFWS issued a biological opinion for this project on June
10, 2005. USFWS is currently reviewing the BA. A BA for the implementation of the
Arroyo Mocho road improvement and anadromous fish passage project was prepared
and submitted to USFWS on November 6, 2003. USFWS responded with their biolog-
ical opinion for the Arroyo Mocho project on February 10, 2004. In 2004, two BAs
were submitted to the USFWS for LLNL activities. A BA for the Livermore site and Site
300 regarding the Site-wide Environmental Impact Statement for the Continued Opera-
tion of Lawrence Livermore National Laboratory and Supplemental Stockpile Stewardship
and Management Programmatic Environmental Impact Statement was prepared and
submitted to USFWS on April 9, 2004. On December 13, 2004, a BA was submitted to
the USFWS for closure of the Site 300 Class II High Explosives Impoundments. The
USFWS is currently reviewing both BAs. Biological surveys for special-status species and
monitoring results are described in Chapter 5.
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Environmental Occurrences

In 2004, notification of environmental occurrences was required under a number of
environmental laws and regulations as well as DOE Order 231.1A and DOE Manual
231.1-2. The orders and manual provide guidelines to contractor facilities regarding
categorization and reporting of environmental occurrences to DOE and divides occur-
rences into categories.

LLNL’s response to environmental occurrences is part of the larger on-site emergency
response organization that includes representatives from Hazards Control (including the
LLNL Fire Department), Health Services, Plant Engineering, Public Affairs, Sateguards
and Security, and Environmental Protection. In 2004, four environmental incidents,
summarized in Table 2-7, were reportable under DOE Order 232.1A and were
categorized as Significance Category 4 reportable occurrences under Group 9, Noncom-
pliance Notifications according to DOE Order 232.1A. DOE was notified of these inci-
dents. Other regulatory agencies involved are described in Table 2-7 for each of the
incidents. No occurrences were reportable under Group 5, Environmental.

PROGRAM SUMMARY

Integrated Safety Management System

LLNL implements an Integrated Safety Management System (ISMS) designed to ensure
the systematic integration of environment, safety, and health (ES&H) considerations
into management and work practices so that missions are accomplished safely. “Safety,”
used in this context, is synonymous with environment, safety, and health to encompass
protection of the public, workers, and the environment, including pollution prevention
and waste minimization. LLNL regards protection of the environment as an essential
component in its overall safety management system.

The core requirements of ISMS are based on DOE’s Seven Guiding Principles summa-
rized as: (1) line management is responsible for ensuring the protection of employees,
the public, and the environment; (2) clear roles and responsibilities for ES&H are estab-
lished and maintained; (3) personnel competence is commensurate with their responsi-
bilities; (4) resources are eftectively allocated to address ES&H, programmatic, and
operational considerations with balanced priorities; (5) ES&H standards and require-
ments are established that ensure adequate protection of the employees, the public, and
the environment; (6) administrative and engineering controls to prevent and mitigate
ES&H hazards are tailored to the work being performed; and (7) operations are autho-
rized. How LLNL manages and performs work can be described by the Five Core
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Table 2-7. Environmental Occurrences reported under the Occurence Reporting System in 2004

Datel@)

Occurrence
category/group

Description(b)

January 20

Significance
Category SC4
Occurrence
under Group
9(2)

DTSC issued a class Il minor violation to Site 300 for failing to have a training
plan as part of the post-closure permit application for the Building 829 RCRA-
closed facility. LLNL contested the violation in a letter dated March 17, 2004,
and has requested that DTSC rescind the violation. As of April 2005, DTSC has
not responded to the request.

OR-2004-0001

March 16

Significance
Category SC4
Occurrence
under Group

9(2)

LLNL received an NOV from BAAQMD for a single violation of a sampling
requirement for Source #3646 (MTU #2), a groundwater stripping system.
BAAQMD Regulations 8-47-501.1 and 8-47-601 require three consecutive days
of influent water analysis when a groundwater stripping system is started up.
The logbook for Source #3646 shows that a sample was taken on 7/28/03 and
7/30/03, but there was no record of a sample taken on 7/29/03. LLNL paid a
civil penalty of $650.

OR 2004-0015

July 19

Significance
Category SC4
Occurrence
under Group
9(2)

LLNL received SOVs from DTSC for two alleged violations observed during the

2004 CEl of permitted hazardous waste handling operations.

¢ Treatment of hazardous waste in an unauthorized unit (using steel metal

pan/sorting table with the Debris Washer unit). Although LLNL contends the

violation was invalid, LLNL prepared and DTSC approved a Class 1 permit

modification authorizing the use of sorting tables.

Commingling incompatible wastes in the same container. An LLNL researcher

placed hazardous waste solvents (methanol, ethanol, acetone, and water) and

70% nitric acid in a 5-gallon poly container, causing the incompatible wastes

to react and generate nitrous oxide gases.

LLNL has made sure that wastes are compatible with each other and

containers and personnel have been trained.

On December 17, LLNL received amended SOVs from DTSC for five alleged

violations observed during the same CEl.

Certifying and shipping prohibited waste for land disposal without meeting

treatment standards.

LLNL submitted proof of proper management and disposal of this waste by an

off-site TSDF in March 2005. Waste treatment and disposal occurred on

January 31, 2005.

Storage more than one year. LLNL stored mixed waste for more than one year

in Area 612-1A, without authorization.

LLNL will submit to DTSC all requests for continued storage of mixed wastes

meeting LDR standards at least 30 days prior to reaching the one year allow-

able limit in the HWFP.

¢ Failure to comply with labeling requirements. LLNL failed to comply with the
following container labeling requirements:

a. On or about May 27,2004 at Area 612-5, two boxes containing mixed
wastes were labeled as hazardous wastes. The waste was shipped as
hazardous waste to Envirocare of Utah on June 9, 2004.

b. On or about May 28, 2004, at Area 612-2, the date of acceptance at the
hazardous waste management unit was not marked on the label of a 5-
gallon container of mixed waste aqueous acid solution, corrosive. This
violation was corrected during the inspection.

2-24
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Table 2-7. Environmental Occurrences reported under the Occurence Reporting System in 2004

July 19
(continued)

Significance
Category SC4
Occurrence
under Group
9(2)

c. On or about May 27, 2004, at Building 695's Reactive (Room 1023), mixed
waste bottles and bags contaminated with beryllium had a label marked
5/25/04, which was the date the waste was removed from its container. The
date on the label should have been 9/27/98, which was the original TSDF
acceptance date on the container. This waste has been treated and DTSC
requires no further action.

¢ Failure to follow the Waste Analysis Plan. In Area 612-2, two containers (one
5-gal and one 30-gal) of hazardous mixed waste aqueous acid solution, toxic,
corrosive wastes were accompanied by the incorrect WDRs. DTSC requires no
further action.

* Failure to accurately record observations in an inspection log. LLNL failed to
accurately record observations noted during an inspection. DTSC requires no
further action.

OR 2004-0028.

August 2

Significance
Category SC4
Occurrence
under Group
9(2)

LLNL received an NOV from the San Joaquin County Environmental Health
Department—CUPA for improper handling of hazardous waste at two Site 300
facilities and deficient hazardous waste training for one employee.

¢ A container (bucket) filled with crushed oil filters was found in Building 875
without a lid. The bucket is used to move the filters from the crusher to the
hazardous waste drum. In this case, workers used the bucket as interim
storage instead of emptying the contents into the drum at the end of their
shift. Management will re-educate workers and re-emphasize hazardous
waste handling procedures.

* A worker in Building 879 stated that used fuel filters were disposed of as
municipal solid waste; however, used fuel filters are to be disposed as
hazardous waste. EPD will characterize the hazard constituents and fuel filters
will be disposed as hazardous waste.

* A paint shop employee in Building 872 signed a waste generation requisition
and was not current in the hazardous waste generator refresher class
(EPO006-HZRW). The employee completed the on-line course and documenta-
tion was provided to the inspector at the close-out inspection the same day.

OR 2004-0034.

a The date indicated is the date when the occurrence was categorized, not the date of its discovery.

b See Acronyms and Abbreviations for list of acronyms.

Functions: (1) define the scope of work; (2) identify and analyze the hazards and envi-
ronmental aspects associated with the work; (3) develop and implement hazard and
aspect controls; (4) perform work within the controls; and (5) provide feedback on the
adequacy of the controls for continuous improvement.

The implementation of a management system based on these principles and functions
results in accountability at all levels of the organization, project planning with protection
in mind, and excellence in program execution. The ISMS Program at LLNL employs a
process of assessing hazards and the environmental implications of work; designing and
implementing standards-based methods intended to control risks; and complying with
applicable ES&H requirements. LLNL’s ISMS in 2004 is detailed in Integrated Safety
Management System Description (LLNL 2003a) which can be found at the following
website: http://www.lInl.gov/es_and_h/ism /ism-descriptionv6.pdf.
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Work Smart Standards

Work Smart Standards (WSS) are an integral part of an ISMS, whereby ES&H profes-
sionals identify hazards and environmental aspects and establish standards of operation
appropriate for a particular work environment. They are LLNL’s ES&H requirements
(i.e., applicable laws, regulations, DOE orders, etc.). The necessary and sufficient process
was utilized to develop WSS requirements. This was accomplished through review and
recommendation by the LLNL subject matter experts and their DOE counterparts.
These standards are continually reviewed and revised through the change control process
as either new DOE orders are issued or regulations are adopted. The Change Control
Board (CCB), with representatives from DOE, UC, and LLNL, manages the change
control process. In addition, LLNL undertakes periodic review of all the requirements
to ensure that the WSS set is current and complete.

The WSS set currently identified to satisty the ES&H needs of the LLNL work
environment is in Appendix G of the UC contract, and can be viewed at:
http:/ /labs.ucop.edu/internet/wss/wss.html.

Environmental Management System

In July 2004, LLNL adopted the International Organization for Standardization
(ISO) 14001 standard as a WSS. LLNL’s approach is to build on its existing ISMS to
develop an Environmental Management System (EMS) that meets the requirements of
ISO 14001. The EMS

* Promotes responsible environmental stewardship practices that are protective of
the air, water, land, and other natural and cultural resources

e Complies with applicable environmental regulations in a cost-effective manner

¢ Focuses on continuous improvement of LLNL environmental perfor-
mance

LLNL has committed to achieve continuous improvement in operational and environ-
mental performance through Pollution Prevention (P2) and other sustainable business
tools.

The ISO 14001 standard uses the identification, determination of significance, and miti-
gation of “environmental aspects” to drive and measure environmental protection
improvements within work activities, facilities, and the institution. An environmental
aspect is an element of an organization’s activities, products, or services that can interact
with the environment. Significant environmental aspects are those that are both feasible
to address, and when acted upon, result in marked environmental performance improve-
ment. In 2004, LLNL identified the environmental aspects listed in Table 2-8.
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Table 2-8. LLNL environmental aspects

Category Aspects Aspect ide.ntifi.ed in
2005 as significant
Biological materials/waste Biological material use
Medical/biological waste generation
Regulated air emissions Criteria pollutant emissions
Radioactive air emissions
Greenhouse gas emissions
Hazardous air pollutants emissions
Ecological resources Ecological resources disturbance X
Land use/land management Land use/land management
Discharges to ground, storm, and surface Discharges to ground
waters
Discharges to storm drain system
Discharges to the arroyo/surface waters
Sanitary sewers Discharges to the sanitary sewer system
Energy emissions Energy emissions
Energy use Electrical energy use X
Renewable energy use X
Fossil fuel consumption X
Hazardous materials/waste Hazardous materials use X
Hazardous waste generation
Municipal, industrial, and nonhazardous Municipal waste generation X
materials/waste
Industrial waste generation
Nonhazardous materials use X
Radioactive material/waste Radioactive material use X
Low-level radioactive waste generation
Transuranic waste generation X
Mixed waste generation X
Other air emissions (odors, etc.) Other air emissions (odors, etc.)
Water use Water use
Cultural resources disturbance Cultural resources disturbance
Environmental noise Environmental noise
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Table 2-8 also indicates the aspects that LLNL identified during the beginning of 2005
as significant using criteria based on the following environmental and business factors:

e Existing laws, regulations, or standards to address the impacts of the environ-
mental aspect

e DPerceptions of interested parties (either positive or negative)

e Ability of engineered or administrative controls to mitigate the impacts of the
environmental aspect

® Scale of the impacts of the environmental aspect is localized or can be contained
within LLNL

e Severity and duration of the impact of the environmental aspect
* Frequency and probability of the environmental aspect to occur
* Reuse and recycling opportunities available for the environmental aspect

® Operational and technical information to manage the impacts of the environ-
mental aspect is readily available

e Ability and cost to change the impacts of the environmental aspect

For each of these significant aspects, LLNL has developed objectives to meet LLNL’s
environmental policy with respect to that particular environmental aspect. LLNL has
also identified environmental targets to achieve these objectives. Where appropriate,
LLNL’s approach is to utilize activities and programs that are already in place. For
significant environmental aspects without existing programs, LLNL is proposing studies
to first better understand how the impacts of the significant environmental aspect can be
most efficiently and effectively affected. As part of the continuous improvement integral
to ISO 14001, LLNL will review annually its significant environmental aspects, and their
respective objectives and targets.

Environmental Protection Department

As the lead organization at LLNL for providing environmental expertise and guidance
on operations at LLNL, the Environmental Protection Department (EPD) is responsible
for environmental monitoring, environmental regulatory interpretation and implementa-
tion guidance, environmental restoration, environmental community relations, and
waste management in support of LLNL’s programs. EPD prepares and maintains envi-
ronmental plans, reports, and permits; maintains the environmental portions of the
ES&H Manual; informs management about pending changes in environmental regula-
tions pertinent to LLNL; represents LLNL in day-to-day interactions with regulatory
agencies and the public; and assesses the etfectiveness of pollution control programs.
EPD has also taken the leadership role in the decommissioning and decontamination
(D&D) of facilities at LLNL to adapt to changes in programs resulting from the end of
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the Cold War. EPD’s Space Action Team tactically implements LLNL’s institutional
D&D activities. Since 1994, 155 real property facilities encompassing 408,000 gross
square feet have been removed from LLNL.

EPD monitors air, sewerable water, groundwater, surface water, rain, soil, sediment,
vegetation, and foodstuff, as well as direct radiation; evaluates possible contaminant
sources; and models the impact of LLNL operations on humans and the environment.
These monitoring activities in 2004 are presented in the remaining chapters of this
report.

A principal part of EPD’s mission is to work with LLNL programs to ensure that opera-
tions are conducted in a manner that limits environmental impacts and is in compliance
with regulatory requirements. EPD helps LLNL programs manage and minimize
hazardous, radioactive, and mixed wastes, as well as identify opportunities for pollution
prevention, including minimization of nonhazardous waste; determines the concentra-
tions of environmental contaminants remaining from past activities; cleans up environ-
mental contamination to acceptable standards; responds to emergencies in order to
minimize and assess any impact on the environment and the public; and provides
training programs to improve the ability of LLNL employees to comply with
environmental regulations. These functions are organized into three divisions within the
department: Operations and Regulatory Affairs (ORAD), Radioactive and Hazardous
Waste Management (RHWM), and Environmental Restoration (ERD).

Operations and Regulatory Affairs Division

The Operations and Regulatory Affairs Division (ORAD) consists of six groups that
specialize in environmental compliance and monitoring and provide LLNL programs
with a wide range of information, data, and guidance to make more informed environ-
mental decisions. ORAD prepares the environmental permit applications and related
documents for submittal to federal, state, and local agencies; provides the liaison
between LLNL and regulatory agencies conducting environmental inspections; tracks
chemical inventories; prepares NEPA documents and conducts related field studies; over-
sees wetland protection and floodplain management requirements; coordinates cultural
and wildlife resource protection and management; facilitates and provides support for
the pollution prevention and recycling programs; teaches environmental training
courses; coordinates the tank environmental compliance program; conducts compliance
and surveillance monitoring; provides environmental impact modeling and analysis, risk
assessment, and reporting; and develops new methods and innovative applications of
existing technologies to improve environmental practices and assist LLNL in achieving
its mission. ORAD interacts with the community on these issues through Environmental
Community Relations. ORAD also actively assists in responding to environmental emer-
gencies such as spills. During normal working hours, an environmental analyst from the
ORAD Environmental Operations Group (EOG) responds to environmental emergen-
cies and notifies a specially trained Environmental Duty Officer (EDO). EDOs are on
duty 24 hours a day, 7 days a week, and coordinate emergency response with other first
responders and environmental specialists.
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Radioactive and Hazardous Waste Management Division

The Radioactive and Hazardous Waste Management (RHWM) Division manages all
hazardous, radioactive, and mixed wastes generated at LLNL facilities in accordance with
local, state and federal requirements. RHWM processes, stores, packages, treats, and
prepares waste for shipment and disposal, recycling, or discharge to the sanitary sewer.
As part of its waste management activities, RHWM tracks and documents the movement
of hazardous, mixed, and radioactive wastes from waste accumulation areas, which are
typically located near the waste generator, to final disposition; develops and implements
approved standard operating procedures; decontaminates LLNL equipment; ensures
that containers for shipment of waste meet the specifications of the U.S. Department of
Transportation and other regulatory agencies; responds to emergencies; and participates
in the cleanup of potential hazardous and radioactive spills at LLNL facilities. RHWM
prepares numerous reports, including the annual and biennial hazardous waste reports
required by the California and U.S. Environmental Protection Agencies. RHWM also
prepares waste acceptance criteria documents, safety analysis reports, and various waste
guidance and management plans.

RHWM meets regulations requiring the treatment of LLNL’s mixed waste in accordance
with the requirements of the Federal Facilities Compliance Act. The schedule for this
treatment is negotiated with the State of California and involves developing new on-site
treatment options as well as finding off-site alternatives. RHWM is also responsible for
implementing a program directed at eliminating the backlog of legacy waste (waste that
is not at present certified for disposal). This effort includes a large characterization
program to identify all components of the waste and a certification effort that provides
appropriate documentation for the disposal site.

Environmental Restoration Division

The Environmental Restoration Division (ERD) was established to evaluate and reme-
diate soil and groundwater contaminated by past hazardous materials handling and
disposal practices and from leaks and spills that have occurred at the Livermore site and
Site 300, both prior to and during LLNL operations. ERD conducts field investigations
at both the Livermore site and Site 300 to characterize the existence, extent, and impact
of contamination. ERD evaluates and develops various remediation technologies, makes
recommendations, and implements actions for site restoration. ERD is responsible for
managing remedial activities, such as soil removal and groundwater and soil vapor extrac-
tion and treatment, and for assisting in closing inactive facilities in a manner designed to
prevent environmental contamination. As part of its responsibility for CERCLA compli-
ance issues, ERD plans, directs, and conducts assessments to determine both the impact
of past releases on the environment and the restoration activities needed to reduce
contaminant concentrations to protect human health and the environment. ERD inter-
acts with the community on these issues through Environmental Community Relations.
Public workshops are held regularly, and information is provided to the public as
required in the ERD CERCLA Community Relations Plans. These CERCLA activities
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in 2004 are summarized in the “Environmental Restoration and Waste Management”
section earlier in this chapter. ERD’s groundwater remediation activities in 2004 are
turther described in Chapter 7 of this report.

Response to Spills and Other Environmental Emergencies

All spills and leaks (releases) at LLNL that are potentially hazardous to the environment
are investigated and evaluated. The release response process includes identifying the
release, shutting off the source (if'it is safe to do so), eliminating ignition sources,
contacting appropriate emergency personnel, cordoning off the area containing the
released material, absorbing and neutralizing the released material, assisting in cleanup,
determining if a release must be reported to regulatory agencies, and verifying that
cleanup (including decontaminating and replenishing spill equipment) is complete.
ORAD staff also provide guidance to the programs on preventing spill recurrence.

As previously described, the EDO is available 24 hours a day, 7 days a week to maximize
efficient and effective emergency environmental response. Specialized EDO training
includes simulated incidents to provide the response personnel with the experience of
working together to mitigate an environmental emergency, determine any reporting
requirements to regulatory agencies and DOE, and resolve environmental and regula-
tory issues within the LLNL emergency response organization. The on-duty EDO can
be reached by pager or cellular phone at any time.

During normal work hours, LLNL employees report any environmental incidents to an
EOG environmental analyst assigned to support their program area. The EOG environ-
mental analyst then notifies the on-duty EDO of the incident, and together with other
ORAD staff, the team determines applicable reporting requirements to local, state, and
federal regulatory agencies and to DOE. The EDO and the EOG environmental analyst
also notify and consult with program management and have 7-day-a-week, 24-hour-a-
day access to the office of Laboratory Counsel for questions concerning regulatory
reporting requirements.

During oft hours, LLNL employees report all environmental incidents to the Fire
Dispatcher, who, in turn, notifies the EDO and the Fire Department, if required. The
EDO then calls out additional EPD support to the incident scene as necessary, and
follows the same procedures as outlined above for normal work hours.

Pollution Prevention

LLNL has a Pollution Prevention (P2) team whose role it is to help facilitate LLNL’s P2
program within the framework of the ISMS and in accordance with applicable laws,
regulations and DOE orders as required within the UC Contract. Responsibilities
include P2 program stewardship and maintenance, P2 analysis and reporting of waste
generation, P2 opportunity assessment and high return-on-investment follow through,
implementation of recycling, reuse and waste minimization programs for hazardous as
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well as nonhazardous waste, and coordination of P2 programs and activities with other
energy efficiency and resource conservation efforts at LLNL. The P2 team supports P2
efforts and activities through environmental teams. In addition, the P2 team undertakes
coordination of the affirmative procurement program and provides awareness presenta-
tions, articles, events, and other materials.

DOE Pollution Prevention Goals

In 1999, DOE developed pollution prevention and energy efficiency leadership goals for
DOE facilities in response to presidential executive orders for the Greening of the
Federal Government. These goals are compared in Table 2-9 with LLNL’s quantities of
routine waste generated in 1993 (i.e., LLNL’s baseline), its 2005 target, the actual
amount of waste generated in 2004, and the percent reduction in 2004 compared with
the baseline. Routine waste described in Table 2-9 includes waste from ongoing opera-
tions produced by any type of production, analysis, and /or research and development
taking place at the Laboratory. Periodic laboratory or facility clean-outs and spill
cleanups that occur as a result of these processes are also considered normal operations.

The following five energy efficiency goals were included in the leadership goals. The
bottom section of Table 2-9 lists the goals, baseline quantities, the 2005 targets when
applicable and provides a verbal description of the status for each goal.

* Reduce energy consumption per gross square foot by 20% by 2005 and 25% by
2010 relative to 1990.

e Increase the use of clean energy sources (renewable and low greenhouse gas
energy.

e Retrofit or replacement of 100% of chillers with capacity greater than 150 tons
that use class I refrigerants by 2005.

e Eliminate the use of Class I ozone-depleting substances.

® Reduce greenhouse gas emissions attributed to facility energy use
through life-cycle cost-etfective measures by 4% by 2005 and 30% by
2010, using 1990 as a baseline.

In 2004, because so many of the original goals will be met by 2005, DOE and NNSA
began to develop a revised set of P2 goals that will be approved in 2005.

In 2001, LLNL revised the method by which it calculates waste to better identify future
P2 opportunities and to eliminate categories of wastes that would otherwise be counted
twice under the RHWM Division’s Total Waste Management System (TWMS) database,
which was replaced in FY 2004 with a new database called HazTrack. The quantities for
hazardous waste, low-level radioactive waste, and mixed low-level waste reported in
HazTrack now include all wastes generated under requisition.
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Table 2-9. Pollution prevention and energy efficiency leadership goals at LLNL

2005 target Percent
1993 baseline | based on DOE 2005 LLNL 2004 reduction Percent
Goal ltem . . target . of 2005
quantity leadership commitment actuals since taraet
goal 1993 9
Pollution Prevention Goals
1 Hazardous Wastes Generated 1054 MT(@) 105.4 MT 105.4 MT 141.3 MT 87 97
(90% of 1993 baseline)
1 | Mixed Waste Generated 26 m® 5.2 m® 5.2 m? 18.8 m® 28 35
(80% of 1993 Baseline)
1 | Low-level Waste Generated 346 m® 69.2 m* 69.2m® | 151.3m3 56 70
(80% of 1993 baseline)
1 | TRU/Mixed TRU Waste Generated 12.0 m® 2.4 m?3 2.4 md 1.2md 90 1.13
(80 % of 1993 baseline)
3 Sanitary Waste Generated 5873 MT 1468 MT 1468 MT 4596 MT 22 29
(75% of 1993 baseline)
4 Sanitary Wastes Recycled N/A 45% 45% 2921 MT 64 142
(45% of waste generated)
6 | Purchases of EPA-designated N/A 100% —(b) $1.147M/ 53 53
items with Recycled Content $2.136M
(100% by cost of recycled versus
nonrecycled)
2 | TRI Chemical Releases 3983.3 bl 398.3 b 398.3 b 605.2lb 85 94
(90% of 1993 Baseline)
10 | Eliminate use of Class 1 ozone- NA 0 The current schedule based on life-cycle cost-
depleting substances by 2010 effective use of existing chillers and one halon
fire-supression unit shows five chillers and up to
three fire-suppression units being replace after
2010.
Energy Efficiency Goals
7 Unit Energy Consumption 289,600 231,700 As of FY 2000, LLNL has met the goal. The
(20% of 1990 baseline for lab BTU/gross 2 BTU/gross fi2 | current schedule based on life-cycle cost-effective
and industrial facilities) use of existing equipment shows eight chillers
and one fire-suppression unit being replaced by
2015.
8 Request for bid packages for N/A 100% Because NNSA purchases LLNL's electricity, LLNL
energy supply with clean energy cannot commit o meeting this goal.
provisions
(100% of requests with provisions
versus those without)
8 Purchase of electricity from less N/A 100% of all Because NNSA purchases LLNL's electricity, LLNL
greenhouse gas-intensive future DOE | cannot commit to meeting this goal.
sources competitive
(% of electricity from less green- solicitations for
house gas sources to total electricity

consumption)
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Table 2-9. Pollution prevention and energy efficiency leadership goals at LLNL (continued)

2005 target Percent
1993 baseline | based on DOE 2005 LLNL 2004 reduction Percent
Goal ltem . . target X of 2005
quantity leadership ; actuals since
goul) commitment 1993 target
9 Replacement of chillers 7 0 The current schedule based on life-cycle cost-
(100% of total 150 ton [or larger] | (number of units effective use of existing equipment shows three
pre-1984 units with class | refrig- | in use in 1999) chillers being replaced by 2007.
erants replaced)
11 | Greenhouse gas emission from 117,414.49 112,717.9 Because NNSA purchases LLNL's electricity, LLNL
energy use (25% of greenhouse tons tons cannot commit to meeting this goal.
gas emission reduced relative to
1990 baseline)

a MT = metric ton
b LLNL cannot meet this goal by 2005.

¢ In 2004, lead was the only toxic chemical that had exceeded the TRI reporting threshold at LLNL. In just three years, from
2001 to 2004, Site 300 reduced the amount of TRI-reportable lead from 3983 Ibs to 605.2 lbs, a reduction of 84.8%.

Waste Minimization/Pollution Prevention

The P2 Program at LLNL strives to systematically reduce solid, hazardous, radioactive,
and mixed-waste generation, and eliminate or minimize pollutant releases to all environ-
mental media from all aspects of the site’s operations. These efforts help protect public
health and the environment by reducing or eliminating waste, improving resource usage,
and reducing inventories and releases of hazardous chemicals. These efforts also benefit
LLNL by reducing compliance costs and minimizing potential civil and criminal liabili-
ties under environmental laws. In accordance with EPA guidelines and DOE policy, the
P2 Program uses a hierarchical approach to waste reduction (i.e., source elimination or

reduction, material substitution, reuse and recycling, and treatment and disposal)

applied, where feasible, to all types of waste. The P2 team tracks waste generation using

the HazTrack database. By reviewing the information in this database, program

managers and P2 staft can monitor and analyze waste streams to determine cost effective

improvements to LLNL operations.

Diverted Waste

Together, the Livermore site and Site 300 generated 4596 metric tons of routine

nonhazardous solid waste in 2004. This volume includes diverted waste (for example,
material diverted through recycling and reuse programs) and landfill wastes. LLNL
generated 13,827 metric tons of nonroutine nonhazardous solid waste in FY 2004. This
includes waste that is reused as cover soil at Class II landfills or is recycled through the
nonroutine metals recycling programs. Nonroutine nonhazardous solid wastes include
wastes from construction, and decontamination and demolition activities. In FY 2004,

the portion of nonhazardous waste (routine and nonroutine) sent to landfill was

2850 metric tons. The routine portion was 1675 metric tons and the nonroutine portion
was 1175 metric tons. The breakdown for routine and nonroutine nonhazardous waste

that was sent to landfills in FY 2004 is shown in Table 2-10.
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Table 2-10.Total nonhazardous waste sent to landfills in
FY 2004

2004 total

Nonhazardous waste .
(metric tons)

Routine
Compacted (landfill) 1675

Nonroutine

Construction demolition (noncompacted 1083
landfill)

Industrial (TWMS and HazTrack!?) 92
Nonroutine subtotal 1175
LLNL total 2850

a RHWM Waste Management Systems

Together the Livermore Site and Site 300 diverted 2922 metric tons of routine nonhaz-
ardous waste in 2004. This represents a diversion rate of 64%. This diversion rate
includes waste recycled by RHWM and waste diverted through the surplus sales and
pipette box recycling programs. The total routine and nonroutine waste diverted from
landfills through LLNL’s comprehensive waste diversion program was 16,748 metric
tons in FY 2004 (Table 2-11).

Source Reduction and Pollution Prevention

A water conservation pilot project was implemented at the EPD T5475 facility in 2003.
During 2004, based on the success of the pilot project, waterless urinals were retrofitted
in several LSO Directorate buildings and the Discovery Center (visitor’s center). Several
new buildings were also equipped with the waterless urinals. Water savings is estimated
to be up to 20,000 gallons per urinal per year.

Since October 2003, beginning with a pilot program that ended in March 2004, EPD
has been participating in the Federal Electronics Challenge (FEC). The FEC is a volun-
tary partnership program that encourages federal facilities and agencies to purchase
greener electronic products, reduce impacts of electronic products during use, and
manage obsolete electronics in an environmentally safe way. EPD's participation in the
FEC complemented efforts already underway to assess LLNL's management practices
for electronic waste (e-waste), including preparation for reporting of the recycle /disposal
of cathode ray tubes under SB 20 (Electronic Waste Recycling Act). The FEC recognizes
the efforts and achievements of FEC Partners through an optional national awards and
recognition program. In 2004, EPD applied for and received a Bronze Award for
meeting FEC's mandatory requirements for end-of-life management of electronic equip-
ment as well as meeting several optional activities pertaining to the two other life-cycle
phases (acquisition and procurement; operation and maintenance). Winners are posted
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Table 2-11. Diverted waste in FY 2004

Cumulative
Waste description 2004 total
(metric tons)
Routine
Batteries (small) 4
Batteries (lead-acid) 35
Beverage containers 5
Cardboard 147
Compost 388
Cooking grease 3
Magazines, newspapers, and phone books 35
Metals 1,461
Paper 329
Pipette box recycling 1
Street sweepings 146
Tires and scrap 17
Toner cartridges 17
Wood pallets 351
Total routine waste diverted 2,939
Nonroutine
Asphalt/concrete 12,207
Class Il Cover 1,233
Miscellaneous 11
Nonroutine metals 235
Offsite daily cover/onsite reuse 140
SAT Freon 0
Total nonroutine waste diverted 13,826
LLNL diversion total 16,765
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on the website http: //www.federalelectronicschallenge.net/winners.htm. Bronze level
partners are recognized as “demonstrating significant commitment and achievements in
one life-cycle phase.”

In December 2004, DOE NNSA selected two projects at LLNL to receive the DOE
Best-in-Class Awards. The first of these was for LLNL’s tilt-pour furnace process, which
is used for the pyrochemical processing of plutonium. It is an example of a research
project that has pollution prevention value and is important to both LLNL and DOE
missions. Traditionally, processing was performed with stationary furnaces and ceramic
crucibles that could not be reused and would have to be disposed of as TRU waste after

each run. The tilt-pour furnace uses crucibles that can be used for hundreds of runs
before replacement is required, substantially decreasing the TRU waste stream gener-

ated.

The second project that received a DOE Best-in-Class Award also received a DOE P2
Star Award. For this project, the on-site environmental analytical laboratory instituted a
rigorous “up-front” waste characterization program that eftectively changed the waste
stream generated from hazardous mixed-waste to an approved, certified low-level waste
stream. In the 8 months of operating history, 44% of the waste (by mass) has been
diverted from mixed to low-level. This will result in significant cost savings and reduc-
tion in waste re-handling/personnel exposure.

Both Best-in-Class Awards were presented in 2005.

Return-on-investment Projects
DOE funded three P2 projects in 2004 with DOE High-Return-on-Investment (ROI)
funds carried over from 2002. Other ongoing ROI projects are listed in Table 2-12.

Table 2-12. Ongoing High ROI projects in FY 2004

Operation

Project

Mercury Thermometer
Exchange

The goal of a pilot project (2003-2004) within the Chemistry & Chemical Engineering
Division of the Chemistry & Material Science Directorate was to reduce environmental,
health, and safety risk by removing mercury-containing thermometers from use in
specified LLNL laboratories. An associated goal was to evaluate how the alternative
non-mercury thermometers are received by chemists having specialized temperature
measurement needs. Final procurements of the non-mercury thermometers were
completed in FY 2004. Chemists have responded positively to the new thermometers,
which have met the temperature measurement requirements for their intended uses.

Global Electric Motor-
cars (GEM)

A pilot project carried out in 2003 evaluated the integration of electric vehicles
(Daimler-Chrysler GEMs) into the LLNL fleet. With the study deemed a success, several
Directorates have worked with Fleet Management to purchase the GEM cars for on-site
use. Twenty-three new electric vehicles entered service in FY 2004.

2004 LLNL Environmental Report 2-37


http://www.federalelectronicschallenge.net/winners.htm

Program Summary

¢ Biodiesel Project for Medium Service Vehicles

This project will bring B20, a blend of 20% biodiesel' and 80% petroleum diesel,
onsite for use in a 6-month pilot project for LLNL’s medium duty fleet. Use of
B20 significantly reduces vehicle emissions of carbon monoxide (-13%),
unburned hydrocarbons (-11%), particulates (-18%), and the greenhouse gas,
carbon dioxide (—16%) as compared to petroleum diesel (World Energy; Howell
2003). The pilot is intended to test B20 in a variety of LLNL medium duty
vehicles, to evaluate use and maintenance issues, and to build user and manage-
ment confidence in this alternative fuel.

This project will install a clean 500-gallon tank in the fueling area. A new pump
and flowmeter will be installed to dispense the B20 from the 500-gallon tank.
LLNL will purchase B20 from their current supplier of diesel fuel. The B20 will
arrive at the site pre-blended and ready for dispensing.

Ten medium-duty vehicles (approximately 10% of LLNL's medium duty fleet)
have been chosen for the pilot. They represent different models, different manu-
factures (Chevrolet, Ford, International), and different age vehicles. Each
vehicle in the pilot will have preventative maintenance performed twice during
the pilot to monitor for problems, specifically with the fuel system. Vehicle users
will complete a questionnaire at the end of the pilot to monitor satisfaction with
vehicle performance while using B20.

Under the Energy Policy Act of 1992, use of biodiesel is an option for applicable
federal fleets to meet a portion of their annual alternative fuel vehicle (AFV)
acquisition requirements. LLNL Fleet Management is committed to making
progress in FY05 toward the Vehicle Fleet Efficiency Goals by reducing the use
of petroleum-based fuels, acquiring alternative fuel vehicles, and using alternative
fuels.

* Accelerated Solvent Extraction System for Preparation of Semivolatile
Organic Compound/Polychlorinated Biphenyl Samples

LLNL’s Chemistry and Materials Science Environmental Services (CES)
routinely analyzes radioactive waste samples for semivolatile organic compounds
(SVOC:s) and polychlorinated biphenyl (PCB) compounds; in the process,
mixed, radioactive and hazardous solvent wastes are generated. This ROI project
involved the purchase and application of an accelerated solvent extraction (ASE)
system that uses high temperature and pressures to allow the extraction of
SVOCs and PCBs from solid samples in less time and with less volume of solvent.
The project will have a payback period of 1.6 years and will result in the diversion
of 230 kg of mixed low-level waste and one kg of TRU waste each year.

* Purchase and Application of a Flow-through Radionuclide Detector

This project funded the Chemical Biology and Nuclear Science Division’s Envi-
ronmental Radiochemistry Group’s purchase of a flow-through radionuclide
detector system and accessories to make the equipment fully operational. This

1. Biodiesel is a renewable, domestically produced, and non-toxic diesel fuel substitute. It is a
methyl ester most commonly derived from either soy or rapeseed oil.
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detector system will be used to detect multiple radionuclide contaminants in a
waste stream. This project reduces the generation of mixed waste by 200 kg each
year and will have a payback period of a little less than one year. The flow-
through radionuclide detector also minimizes personnel exposure to hazardous
and radioactive materials.

Review of New Processes, Programs, or Experiments

As part of this effort, the Pollution Prevention Team was tasked to revise LLNL’s P2
Plan by incorporating it into the Environmental Management System (EMS) Plan. As
previously described, LLNL incorporated ISO 14001 as a WSS and is bringing its ISMS
into conformance with this standard.

Pollution Prevention Employee Training and Awareness Programs

In 2004, LLNL conducted a number of activities to promote employee awareness of
Pollution Prevention. A key event, the annual Earth Expo, was held in April to coincide
with Earth Day. It featured representatives from EPD, businesses with environmentally
friendly products, environmental conservation organizations, utilities, environmental
agencies, and other organizations with environmental charters and interests. During the
course of the year, Pollution Prevention articles appeared in the LLNL newspaper,
Newsline, and electronic newsletter, NewsOnLine. The P2 team conducted training for
purchasing staff on EPA requirements for affirmative procurement. The P2 team also
placed banners at entry gates for America Recycles Day and National Pollution Preven-
tion Week.

In spring 2003 the P2 team brought a new P2 web site (http://www-p2.llnl.gov/)
online for LLNL employees. The web site, which was updated in 2004, is a resource for
employees regarding pollution prevention, energy etficiency, the reuse and recycling of
materials, green building, and other environmental topics. Employees can also use the
site to suggest P2 ideas, ask questions about P2 planning and implementation, and find
out about P2 “current events.” The P2 team also operates the Earth Hotline for
employees to call with questions, suggestions, or ideas regarding LLNL’s pollution
prevention and waste diversion endeavors.

Contributing Authors

Many authors significantly contributed to this large and diverse chapter. We acknowledge
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Air Effluent Monitoring

Lawrence Livermore National Laboratory performs continuous air sampling to evaluate
its compliance with local, state, and federal laws and regulations and to ensure that
human health and the environment are protected. Federal environmental air quality laws
and U.S. Department of Energy (DOE) regulations include Title 40 of the Code of
Federal Regulations (CFR) Part 61, the National Emissions Standards for Hazardous Air
Pollutants (NESHAPs) section of the Clean Air Act, and applicable portions of DOE
Order 5400.5, Radiation Protection of the Public and the Environment, and American
National Standards Institute (ANSI) standards. The Environmental Requlatory Guide for
Radiological Effluent Monitoring and Environmental Surveillance (U.S. DOE 1991)
provides the guidance for implementing DOE Order 5400.5.

The U.S. Environmental Protection Agency (EPA) Region IX has enforcement authority
for LLNL compliance with radiological air emissions regulations. Enforcement authority
for the Clean Air Act regulations pertaining to nonradiological air emissions belongs to
two local air districts, the Bay Area Air Quality Management District (BAAQMD) and
the San Joaquin Valley Air Pollution Control District (SJVAPCD).

Air effluent monitoring of atmospheric discharge points is conducted to measure the
quantities of radionuclides released from individual facilities during routine and nonrou-
tine operations; ambient air monitoring at LLNL-site and off-site locations determines if
airborne radionuclides or beryllium are being released in measurable quantities to its
environs by these and other LLNL operations. Ambient air monitoring also serves to
verify the air concentrations predicted by air dispersion modeling and to determine
compliance with the NESHAPs regulation. (See LLNL NESHAPs 2004 Annual Report
[Harrach et al. 2005].)

AIR EFFLUENT MONITORING

LLNL uses a variety of radioisotopes including uranium, transuranics, biomedical tracers,
tritium, and mixed-fission products for research purposes. The major radionuclide
released to the atmosphere from the Livermore site is tritium. In addition to effluent
sampling for tritium, a number of facilities at the Livermore site have air effluent
samplers to detect the release of uranium and transuranic aerosols. The air effluent
sampling systems described in this section apply to stationary point source discharges.

Air effluent monitoring of atmospheric discharge points is used to determine the actual
radionuclide releases from individual facilities during routine and non-routine opera-
tions, to confirm the operation of facility emission control systems, and to corroborate
and aid in the resolution of ambient air measurement results for the site. (The relation-
ship can work the other way as well—air surveillance measurements can corroborate
effluent monitoring.) It involves the extraction of a measured volume of air from the
exhaust of a facility and subsequent collection of particles by filters or of vapors by a
collection medium. After collection, the various radionuclides in the sample are
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measured by appropriate analytical methods. Currently, the air effluent sampling
program measures only radiological emissions. LLNL has operations with nonradiolog-
ical discharges; however, permits for these operations are obtained through local agen-
cies, BAAQMD and SJVAPCD, and monitoring of the effluent is not required. Based on
air toxics emissions inventory and risk assessment required by the California Air Toxics
“Hot Spots” legislation, BAAQMD and SJVAPCD have ranked LLNL as a low-risk
facility for nonradiological air emissions.

Methods

LLNL evaluates all discharge points with the potential to release radionuclides to the air
according to 40 CFR 61, Subpart H, of the NESHAPs regulations. Subpart H regula-
tions require that facility radiological air effluents must be continuously monitored if the
potential off-site dose equivalent is greater than 1 uSv/y (0.1 mrem/y), as calculated
using the EPA-mandated air dispersion dose model and assuming that there are no emis-
sion control devices. The results from monitoring the air discharge points provide the
actual emission source information for modeling, which is used to ensure that the
NESHAPs standard, 100 pSv/y (10 mrem/y) total site effective dose equivalent, is not
exceeded. Monitoring of radionuclide air effluents at LLNL has been implemented
according to the DOE as low as reasonably achievable (ALARA) policy. This policy is
meant to ensure that DOE facilities are capable of monitoring routine and nonroutine
radiological releases so that the dose to members of the public can be assessed, and so
that doses are ALARA.

In 2004, LLNL operated 67 sampling systems for radioactivity from air exhausts at

6 facilities at the Livermore site (see Figure 3-1) and 1 sampling system at Site 300 (see
Figure 3-2). From NESHAPs assessments of operations during 2004, one additional
discharge point, a new operation in the Building 695 yard, the TRU Mover, was found
to require continuous sampling. These systems are listed in Table 3-1 along with the
analytes of interest, the type of sampler, and the number of samplers. LLNL periodically
reassesses the need for continuous monitoring and assesses new operations or changes in
operations.

Sampling for particles containing radioactivity was conducted in all six of the facilities
and sampling for tritium was conducted in the Tritium Facility (Building 331). All
sampling systems operated continuously. Samples were collected weekly or biweekly,
depending on the facility. Most air samples for particulate emissions were extracted
downstream of high-efficiency particulate air (HEPA) filters and before the emissions
were discharged to the atmosphere. Particles in the extracted air were collected on
sample filters and analyzed for gross alpha and beta activity. Tritium was collected using
molecular sieves.

In addition to sample collection for environmental reporting, some facilities used real-
time alarm monitors (listed in Table 3-1) at discharge points to provide faster notifica-
tion in the event of a release of radioactivity. Analytical results from the continuous
samplers are reported as a measured concentration per volume of air or as less than the
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Figure 3-1. Livermore site air monitoring locations, 2004

minimum detectable concentration (MDC) when no activity is detected. In all cases, the

MDC is more than adequate for demonstrating compliance with the pertinent regula-

tory requirements for radionuclides that are present or may be present in the sampled air.

Air effluent samples were obtained in accordance with written standardized procedures

summarized in the Environmental Monitoring Plan (Woods 2005).
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Figure 3-2. Site 300 air monitoring locations, 2004

To establish the background levels of gross alpha and beta activity that are used to deter-
mine if a release has occurred from monitored stacks, LLNL operates three low-volume
radiological air particulate samplers at locations HOSP and FCC in the Livermore Valley
and NPS at Site 300. These samplers collect particulate on membrane filters at a contin-
uous rate of 0.03 m® /min. The low-volume samplers are not part of the ambient air
network.

The following sections discuss the radiological air emissions from facilities that have

continuously monitored discharge points. All effluent air analytical results are summa-
rized in the file “Ch3 Air Effluent” included on the report CD.
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Table 3-1. Air effluent sampling locations and sampling systems

- - Number of
Building Facility Analytes Sampler type i o
235 Chemistry and Materials Gross o, p on particles | Filter 1
Science
251 Heavy Element Gross o, p on particles | Filter 27
331 Tritium Tritium Stack ionization 4
chamber(@
Gaseous tritium and Molecular sieves 4
tritiated water vapor
332 Plutonium Gross o, p on particles | Stack CAM(@/P) 12
Gross o, p on particles | Filter 15
491 Laser isotope separaﬁon(c) Gross o, p on particles | Filter 1
695 Decontamination and Gross a, p on particles | Filter 1
Waste Treatment Facility
695 Yard TRU Mover Gross o, 3 on particles | Filter 1
801A Contained Firing Facility Gross o, B on particles | Filter 1

a Alarmed systems
CAM = Eberline continuous air monitors

¢ Operations discontinued; however, the air effluent sampling system at this building continues to operate as part of
the maintenance and surveillance shutdown plan for the Advanced Vapor Laser Isotope Separation (AVLIS)
program.

Air Effluent Radiological Monitoring Results

In 2004, a total of 0.61 TBq (16 Ci) of tritium was released from the Tritium Facility
(Building 331). Of this, approximately 0.45 TBq (12 Ci) were released as tritiated
water vapor (HTO). The remaining tritium released, 0.16 TBq (4.0 Ci), was elemental
tritium gas (HT). The median emissions from the facility were 1.9 x 10° Bq/m?

(5.1 x 1078 Ci/m?) for HTO, and 1.3 x 10?> Bq/m? (3.5 x 10 Ci/m?) for HT. The
highest single weekly stack emission from the facility was 9.6 x 1072 TBq (2.6 GCi), of
which 8.5 x 1072 TBq (2.3 Ci) was HT. Emissions from Building 331 for 2004
continued to remain considerably lower than those during the 1980s. Figure 3-3 illus-
trates the combined HTO and HT emissions from the facility since 1981.

Most sample results from the continuously sampled discharge points that have the
potential for releasing particulate radionuclides were below the MDC of the analysis.
Some sampling systems may exhibit as few as one to four values (out of 26 to 52 samples
per year) greater than the MDC. Generally, these samples are only marginally above the
MDC. In addition, due to the way some of the exhaust systems are configured, the
monitoring systems sometimes sample air from the atmosphere in addition to HEPA-
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Figure 3-3. Tritium Facility combined HTO and HT emissions from 1981 through 2004

filtered air from facility operations, thereby collecting background atmospheric radioac-
tivity. LLNL uses zero values for these results based on knowledge of the facility, the use
of HEPA filters in all significant release pathways, and alpha-spectroscopy-based isotopic
analyses of selected air sampling filters. These analyses demonstrate the presence of natu-
rally occurring radionuclides, such as radon daughters like polonium. Even if LLNL used
the MDC values to calculate the emission estimates for these facilities (which would be
an extremely conservative approach) the total dose to a member of the public attribut-
able to LLNL activities would not be significantly affected.

In 2004, a significant number of samples collected throughout the year from two release
emission points at Building 251 (the unhardened area) yielded gross alpha results greater
than the MDC. Gross alpha is used as the primary indicator of potential emissions for
operations, such as those at Building 251 that involve the use of uranium and transuranic
materials. The gross alpha and gross beta actlvrgf emissions for Bulldmg 251 were

1.9 x 102 Bq/y (5.0 x 1072 Ci/y) and 1.6 x 10° Bq,/y (4.3 x 1073 Ci/y). Because of the
number of samples with values above the MDC, gross alpha and gross beta measure-
ments are being reported as actual emissions.

Table 3-2 summarizes total radiological emissions as determined from the continuous
sampling of facility exhausts for 2004.
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Table 3-2. Measured radiological air effluent emissions above the detection limit for
Livermore site, 2004

- - Gross alpha Gross beta
Building (Facility) HT (Bq) HTO (Bq) (Bq) (Bq)
331 (Tritium Facility) 1.6x10" 45x10" — —
251 (Heavy Element Facility) — — 1.9 x 102 1.6x 103

Nonradiological Results

The Livermore site currently emits approximately 153 kg/day of regulated air pollutants
as defined by the Clean Air Act, including nitrogen oxides, sulfur oxides, particulate
matter [PM-10], and carbon monoxide (see Table 3-3). Carbon monoxide emissions
appear to have increased in 2004 because a higher emission factor, required by the
Synthetic Minor Operating Permit, was used in estimations for small boilers on site. The
emission sources that release the greatest amount of regulated pollutants at the Liver-
more site are surface-coating, internal combustion engines, solvent wiping, and, natural
gas fired boilers. Table 3-3 lists estimated airborne releases for regulated pollutants from
the Livermore site.

Table 3-3. Nonradioactive air emissions, Livermore site and
Site 300, 2004

Estimated releases (kg/day)
Pollutant
Livermore site Site 300
Organics/volatile organics 16.0 0.47
Nitrogen oxides 75.1 1.84
Carbon monoxide 54.7 0.40
Particulates (PM-10) 5.7 0.41
Sulfur oxides 1.5 0.53

LLNL air pollutant emissions are very low compared with daily releases of air pollutants
for the entire Bay Area. For example, the total emissions of nitrogen oxides released in
the Bay Area for 2004 were approximately 6.9 x 10% kg /day, compared with the esti-
mated release from the Livermore site of 75.1 kg/day, which is 0.11% of total Bay Area
emissions from stationary sources. The 2004 BAAQMD estimate for reactive organic
emissions was 9.1 x 10% kg/day, while the estimated releases for 2004 from the
Livemore site were 16.0 kg/day, or 0.02% of the total Bay Area emissions from
stationary sources.

Certain operations at Site 300 require permits from SJVAPCD. The total estimated air

pollutant emissions during 2004 from operations (permitted and exempt sources) at
Site 300 are given in Table 3-3. The emission sources that release the greatest amounts
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of criteria pollutants at Site 300 include internal combustion engines, boilers, a gasoline-
dispensing facility, prescribed burns, paint spray booths, drying ovens, and soil vapor
extraction equipment.

Impact of Air Effluent on the Environment

The dose to the hypothetical maximally exposed member of the public caused by the
measured air emissions from the Tritium Facility (modehng HT emissions as HTO as
required by EPA) is 1.4 x 1072 pSv/y (1.4 x 10~% mrem/y) and the dose from
Building 251 is 6.8 x 1070 uSv/y (6.8 x 10~/ mrem/y). Thus, the estimated radiological
dose caused by measured air emissions from LLNL operations is minimal. See Chapter 6
for a discussion of doses.

Estimated nonradioactive air emissions, which are also very small compared with emis-
sions in surrounding areas, are well below standards and pose no threat to the environ-
ment or public health.

AMBIENT AIR MONITORING

LLNL monitors ambient air to determine if airborne radionuclides or beryllium are
being released by Laboratory operations, what the concentrations are, and what the
trends are in the LLNL environs. In the ambient air monitoring program, LLNL collects
particles on filters and physically traps vapors on a collection medium. Concentrations of
various airborne radionuclides (including particles and tritiated water vapor) and beryl-
lium metals are measured at the Livermore site, Site 300, and at off-site locations
throughout the Livermore Valley and in the city of Tracy. In addition, some point
sources and diffuse, or area sources, are monitored to fill NESHAPs requirements. In
2003, the EPA approved use of the air surveillance monitoring data from the location of
the site-wide maximally exposed individual (SW-MEI) to demonstrate compliance with
NESHAPs for minor emission point sources (Harrach et al. 2004 ). In addition, the
Derived Concentration Guides (DCGs) found in DOE Order 5400.5 specify the
concentrations of radionuclides that can be inhaled continuously 365 days a year without
exceeding the DOE primary radiation protection standard for the public, which is

1 mSv/y (100 mrem/y) effective dose equivalent. Data tables in this chapter present the
DCG and the percent of the DCG for the given isgtope. For beryllium metals, an
ambient air concentration limit of 10,000 pgm/m is established by the BAAQMD
under Regulation 11 for the Hazardous Air Pollutants.
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Methods

Monitoring networks are established for surveillance of air particulates and tritium in the
environs of the Livermore site and Site 300, as well as in the surrounding Livermore
Valley and at a background location near the city of Tracy. All monitoring networks use
continuously operating samplers.

The sampling locations for each monitoring network are listed in Table 3-4 and shown
on Figures 3-1, 3-2 and 3-4. Several locations target specific areas of known
contamination while other locations monitor concentrations at the perimeters of the sites
or at distant background locations. Throughout the year at selected locations, additional
samplers are placed next to permanent samplers. Duplicate samples thus obtained
provide quality control of the data. Trip blanks are also taken on the air particulate
sampling routes to help identify any contaminate introduced during the sampling
process.

An LLNL state-certified analytical laboratory performed all sample analyses. Samples
were analyzed for gross alpha and beta activity, gamma-emitting radionuclides, pluto-
nium, uranium, trittum and beryllium metals. Table 3-4 provides the requested analysis
for each ambient air sampling station. Ambient air samples were obtained in accordance
with written standardized procedures summarized in the Environmental Monitoring
Plan (Woods 2005).

Sample Collection

The air particulate networks use high-volume air sampling units, which collect airborne
particulate weekly at a continuous rate of 0.42 m?3 /min using Whatman 41 cellulose
filters. The tritium samplers, operating at a flow rate of 500 cm?/min, draw air through
sampling flasks containing silica gel that traps the air moisture. These flasks are changed
every two weeks.

Sampling Locations

Based on historical meteorological data, all ambient air samplers have been positioned to
detect any significant concentration of radioactive or beryllium effluents from LLNL
operations with reasonable probability. Before startup of a new operation, the need for a
new sampling location is assessed using air dispersion modeling.

Monitoring networks are established for surveillance of air particulates and tritium in the
environs of the Livermore site and Site 300, as well as in the surrounding Livermore
Valley and near the city of Tracy. There are 7 air particulate samplers on the Livermore
site, 9 in the Livermore Valley, and 8 at Site 300. There are 11 air tritium samplers at the
Livermore site, 6 in the Livermore Valley, and 1 at Site 300. In December 2003, the air
particulate location TFIR was removed and replaced (in March 2004 ) by a more suitable
background location for Site 300. This station is called TCDF and is approximately

4.7 kilometers north of Site 300.
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Table 3-4. Sampling locations and type and frequency of analyses for ambient air

Livermore site

Target e Monthly il Monthly Biweekly
[ = BUCEEY = oy 2 exc, M= a) =g sy i (R
(high volume) P
Network Air particulate Air vapor
Collection Media Cellulose Silica gel
SALV, MET, MESQ, .
COW, CAFE, Vis®) Onsite X X X X X
DWTF, POOL Onsite X
B331, B624 Diffuse/onsite X
CRED) SW-MEI() X X X
ZONZ7, PATT, AMON Downwind X X X
CHUR, FCCld, TANK | Upwind X X
FIRE, HOSP(d) Upwind X X X
VET Upwind X
LWRP Special Interest X X
Site 300
Weekly gross s MonthIySS S o ihly | Monitily. || Brweekly
cllelve b bl | (ERIORIE G | R0 P | ot |
(high volume) | 239+240p(@)
Network Air particulate Air vapor
Collection Media Cellulose Silica gel
EOBS, GOLF, WOBS | Onsite®) X X X X
ECP, WCP, NPS!¥), 801E | Onsite(®) X X X
COHO Onsite(®) X X X
TCDF(®) Offsite(") X X X

Perimeter composite samples include portions of weekly filters from the specified locations.

On the Livermore site, samplers VIS and CRED represent the location of the site-wide maximally exposed individual
(SW-MEI), and concentrations obtained from them are averaged for compliance with minor sources; at Site 300, the
average of all locations is applied.

¢ SW-MEI for NESHAPs compliance based on air dispersion modeling.

d Low-volume sampler also operated at this location; particles are collected on millipore filters. These samplers are operated
to provide background values for the air effluent monitoring program.

e Location TFIR was removed at the end of 2003 and replaced by TCDF, which began in March 2004.
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Figure 3-4. Air particulate and tritium sampling locations in the Livermore Valley, 2004

In general, air sampling locations are grouped in categories representing the following
areas; perimeter, upwind, downwind, diffuse sources or areas of known contaminaton,
and special interest locations. The mean results from locations CRED and VIS serve as
the SW-MEI for NESHAPs minor source compliance. Because resuspension of soil at
Site 300 is the minor source of greatest interest, the average of all on-site locations serves

as the SW-MEI for NESHAPs minor source compliance.
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Beryllium is monitored at six Livermore site perimeter locations as required by the
BAAQMD. Although there is no requirement to monitor beryllium at Site 300, as a best
management practice, it is monitored at three locations on-site and at the new location
(TCDF) north of Site 300.

Sample Analysis

Gross alpha and gross beta activities are determined by gas flow proportional counting;
plutonium isotopes by alpha spectrometry; uranium isotopes by inductively coupled
plasma-mass spectrometry; gamma emitters by gamma spectroscopy; and tritium by
freeze-dried vacuum distillation followed by liquid scintillation counting. Procedures for
analysis are summarized in the Environmental Monitoring Plan (Woods 2005). Beryl-
lium metal concentration is determined by inductively coupled plasma-mass spectrom-
etry. See Table 3-4 for the frequency of analysis at each location. In addition to using
the analytical methods summarized in this section, the analytical laboratory also runs a
series of quality control tests that include laboratory control spikes, blanks and dupli-
cates. The analytical laboratory reports the actual instrumentation values, including
negative results that arise when background measurements are higher than those of the
samples.

Because plutonium research occurs at the Livermore site, plutonium analyses are
performed individually for all Livermore locations. However, plutonium is not used at
Site 300; therefore, a composite from all locations is analyzed.

Uranium use at the Livermore site is very minimal so a composite from all the Livermore
site perimeter locations is created and analyzed for uranium activity. However, at

Site 300, where depleted uranium is used in explosives testing, specific locations are
analyzed for uranium activity.

Results

As outlined in Environmental Regulatory Guide for Radiological Effluent Monitoring
and Environmental Surveillance (U.S. DOE 1991), gross alpha, gross beta, and gamma
emitters on air filters are used as trend indicators; specific radionuclide analysis is done
for plutonium, uranium, and tritium. Radiological analytical results are reported as a
measured activity per volume of air. Regardless of whether any activity is considered to
have been detected, the result of the analysis is reported. The activities shown in the
tables located in the file “Ch3 Ambient Air” included on the report CD, which display
monthly and biweekly data, are measured concentrations and their associated +20
counting errors.

Particle size distribution of air samples is not determined because the estimated effective
dose equivalent to the maximally exposed individual (from the total particulate) is well
below the 0.01 mSv (1 mrem) environmental regulatory guide allowable limit (U.S.
DOE 1991) using total particles collected.
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Gross Alpha and Gross Beta Concentrations

The primary sources of alpha and beta activities are naturally occurring radioisotopes.
Figure 3-5 shows the three-year history of median monthly gross alpha and gross beta
activities for the Livermore site perimeter, Livermore Valley, and Site 300 sampling loca-
tions. These data are slightly lower than last year but follow a pattern similar to previous
years with a seasonal increase in the fall and early winter months. As soils dry out during
the summer months, the resuspended particulate can build up and increase until the
winter rains begin. In many cases there is an inverse relationship between rainfall and
particulate activity indicating that the increases in activity may be from particulate mass
from resusupended soils rather than LLNL airborne sources. Routine isotopic gamma
results of site composite samples indicate that higher activities are the result of naturally
occurring isotopes (uranium, thorium, potassium, and lead) which are also routinely
found in local soils.

In 2004, the typical gross alpha activity (annual median value) for the Livermore site
perimeter was 21 uBq/m? (0.57 fCi/m?®); for the upwind and downwind Livermore
Valley stations, the value was 20 nBq/ m? (0.54 {Ci/ ms); and for Site 300, the value was
26 uBq/m? (0.70 fCi/ msg. The annual gross beta median for all upwind and downwind
locations was 260 uBq,/m? (7.0 fCi/m?®); for the Livermore site perimeter it was

270 uBq/m? (7.3 fCi/m?; and for Site 300 it was 310 pBq,/m? (8.5 fCi/m?). Location
CHUR (an upwind location) recorded high gross alpha and beta activity during
November; samples were recounted but remained higher than normal. A gamma scan is
being performed to determine what isotope is causing this spike in activity. See the
section “Gamma-Emitting Radionuclides” in this chapter for more information.

Site 300 is less developed and has more barren soil compared to the Livermore site. As a
result, Site 300 air samples tend to collect more particulate from resusupended soils. The
pattern of activity as seen in Figure 3-5 however is very similar to the Livermore site air
samples with a increase in the fall and early winter months then a decrease during the
winter as rains reduce the resuspension effect. The highest weekly gross alpha sample
measured at Site 300 was 240 uBq/m? (6.5 fCi/m?) at WOBS. This sampler is near
locations where open-air shots have occurred (Building 851 bunker and the Contained
Firing Facility [ Building 801]). In addition, there were two shots during December that
most likely contributed to the elevated gross alpha values. The overall annual median
gross alpha value at Site 300 was 26 uBq,/m? (0.70 fCi/m?).

The highest Site 300 onsite weekly gross beta value was 1432 nBq/m? (39 fCi/m?)
recorded at WOBS which also coincides with a shot at Site 300. The overall annual
median beta value for Site 300 was 310 pBq,/m? (8.4 fCi/m?).

Gamma-Emitting Radionuclides

By analyzing air samples for gamma-emitting radionuclides, LLNL verifies that there is

no evidence of release of the small inventories of mixed fission products and radiochem-
ical tracers used by LLNL. This analysis also reveals emissions from global fallout sources
such as aboveground tests and the Chernobyl accident (Holland et al. 1987). Composite
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Figure 3-5. Three-year history of monthly median gross alpha and gross beta activities for all
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samples for the Livermore site and Site 300 are analyzed for an environmental suite of
gamma-emitting radionuclide concentrations in air. Site composite samples are scanned
tfor 47 isotopes with over 350 gamma rays. These include fission products, activation
products, actinides, and naturally occurring products. The results for gamma composites
for 2004 were within known background levels (see file “Ch3 Ambient Air” on report
CD for analytical results). Occasionally weekly samples that are screened for gross alpha
and beta are also gamma scanned to determine what isotope may be the cause of higher
than usual activity. Such was the case for the sample mentioned above (CHUR). In this
case the activity was determined to be caused by an increase in a naturally occurring
isotope and not by LLNL operations.

Plutonium Concentrations

Historical environmental plutonium-239+240 activity for the past 20 years is shown in
Figure 3-6. Locations HOSP and VIS represent typical upwind and onsite sampling
locations. Plutonium concentrations at both of these sites have been decreasing as fallout
diminishes and on-site surface areas of potential resuspension have been covered with
pavement or buildings. LLNL analyzes all Livermore area samples individually, while a
composite is created from all on-site Site 300 samples.

DCG =7.4 x 104 Bg/m3 B

—— HOSP, upwind/background
—o— VIS, perimeter/SWMEI

L 0.75 ¢

Concentration (nBg/m3)
I
Concentration (aCi/m3)

0
— 1 T T1 T T T T T T T T T 1 I —
85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04

Year

Figure 3-6. Calculated annual median concentrations of plutonium-239+240 for HOSP
and VIS for the last 20 years
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Plutonium-239+240 was detected in 13 of the 234 samples tested from Livermore area
air samples. Six of those positive samples came from on-site samplers. These detections
all came between June and October, when resuspension is potentially greatest. The
highest recorded onsite plutonlum -239+240 detection was at the SW-MEI (CRED) of
21 nBq/m? (0.57 aCi/m?) (0. 003% of the DCG) while the highest off-site plutonium
value was recorded as 14 nBq/m? (0.38 aCi/m?) at the TANK location in August.
Plutonium was detected in only 1 of the 12 composite samples collected from Site 300
and this value was very close to the minimum detection limit. This value of 4.5 nBq/m?
(0.12 aCi/m?) (0.0006% of the DCG) was recorded in September and was lower than
all but one (MET) of the maximum values for samples collected in Livermore. All p031-
tive detections for plutonium from cither site were far below the DCG of 0.74 mBq,/m?

Uranium Concentrations

Uranium ratios are used to determine the type of uranium present in the environment.
Natural uranium has a mathematical ratio of uranium-235 /uranium-238 of 0.00725
and depleted uranium has a uranium-235 /uranium-238 ratio of 0.002.

Uranium isotopes are naturally occurring and all but one of the uranium-235 analyses
had positive detections. The leermore site monthly composites had a uranium-235
median concentratlon of 0.14 pg/m? and a uranium-238 median concentration of

22 pg/m?3. This has a median ratio of 0.007, which is considered natural uranium and
typical of what has been recorded in the past. Only one sample, which was collected on
the Livermore site during December, showed anything other that natural activity; in this
case, a ratio of 0.002 was recorded which indicated the presence of depleted uranium.
This activity is highly unlikely at the Livermore site and was suspicious because two very
high uranium samples were collected from Site 300 in December. An investigation of the
data was performed, and it was determined that handling and analytical sample
processing most likely resulted in cross contamination between the Livermore site and
Site 300 composites. The Livermore site composite was normal in January 2005. The
standard operating procedures have been amended to eliminate the possibility for this
type of cross contamination from occurring again.

The annual median uranium-235 concentration for all Site 300 locations was

0.17 pg/m? (or less than 0.00003% of the DCG) and the uranium-238 median concen-
tration was 24 pg/m? (or less than 0.0008% of the DCG). As with the Livermore site,
the Site 300 isotopic ratio for the annual median was 0.007, which is considered natural
uranium. As with the December Livermore site composite, 7 of 9 samples collected from
Site 300 during December recorded a uranium-235 /uranium-238 ratio with a depleted
uranium signature. These depleted uranium signatures are likely since there were several
outdoor test shots with depleted uramum over a two month period. The highest
uranium- 238 value was 8660 pg,/m? in December at WOBS (the second highest was
174 pg/m? at NPS, also in December). 8660 pg/m? is 3% of the DCG and is signifi-
cantly higher than any other sample collected in recent years.
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Tritium Concentrations

Tritium data presented in Table 3-5 summarize the biweekly tritium data provided in
data tables on the report compact disk (see file “Ch3 Ambient Air” on the report CD).
Locations are grouped by expected concentrations of tritium. The highest concentrations
of tritium are from the B331 and B624 samplers on the Livermore site near stored
containers of tritium waste or tritium-contaminated equipment (the Building 331 waste
accumulation area and the Building 612 Yard) that outgas tritium as HTO. The annual
median concentration for 2004 for the B331 diffuse-source sampler was more than a
factor of five times lower than in 2003 reflecting the large decrease in tritium operations at
the Tritium Facility in 2004. The median concentration at the B624 sampler in the
Building 612 Yard was only slightly lower than in 2003. Sampling at the Building 514
Tank Farm, continuous between August 1991 and December 2003, was discontinued
because the facility underwent RCRA closure.

Table 3-5. Tritium in air samples (mBq/m?3), 2004

Detection Ll
Sampling locations P Mean Median IQR Maximum Percent of
requency
DCGl)
Diffuse on-site sources 50 of 50 1420 435 1990 7470 0.0117
Livermore site 174 of 231 42.2 34.6 39.5 718 0.000935
Livermore Valley 48 of 155 6.35 4.59 21.1 57.7 0.000124
Site 300 30f26 227 | -0.325 | 215 31.5 _(b)

a DCG = Derived Concentration Guide of 3.7 x 10 mBq/m? for tritium in air

b Median percent DCG not calculated because the median is negative.

Samplers near the perimeter of the Livermore site exhibit the next highest air tritium
concentrations. Of these locations, POOL exhibited the highest median concentration at
just 0.0021% of the DCG. Concentrations at POOL were on average much lower than
in 2003. Median concentrations for 2004 for on-site locations were on average about
half of those for 2003. Much less variability was seen in the concentrations for 2004
compared with 2003. Because releases from the Tritium Facility were markedly reduced
in 2004 compared with 2003, the high peak air tritium concentrations seen in 2003 are
not seen in 2004—the mean of all maximum concentrations for all on-site locations for
2003 was 718 mBq,/m? (19.4 pCi/m?); for 2004 it was 161 mBq,/m? (4.35 pCi/m?).

For 2004, two of the locations near the perimeter (MESQ and MET) had median
concentrations below the detection limit (about 25 mBq/ m3), while all of the median
concentrations in the Livermore Valley and at Site 300 (Table 3-5; see also file “Ch3
Ambient Air” on report CD for biweekly data) were below the detection limit. Given the
low tritium concentrations observed at the Livermore site perimeter, all samples from
locations distant from the Livermore site are expected to exhibit tritium background
concentrations that are below the detection limit. Similarly, because no operations at
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LLNL release tritium to the environment at Site 300, concentrations at COHO are
expected to be below the detection limit. Detections occurring at these sampling loca-
tions are artifacts of scintillation counting with a high counter background.

Beryllium Metal Concentrations

LLNL measures the monthly concentrations of airborne beryllium for the Livermore
site, Site 300, and the off-site sampler located north of Site 300. (See file “Ch3 Ambient
Air” on report CD for data.) The highest value at the Livermore site was 21 pg/m?
which was recorded at location SALV in September. This value is only 0.21% of the
BAAQMD ambient concentration limit for beryllium (10,000 pg/ ms). These data are
similar to data collected from previous years.

Figure 3-7 is a plot of the median beryllium concentration at the Livermore site perim-
eter from 1975 through 2004. The decrease in median concentration in 1993 and the
slight increase in 1999 were likely the result of a change in the analytical laboratory used
to perform this analysis. LLNL monitors beryllium metals in air samples on the
Livermore site as part of an agreement with the local BAAQMD.

BAAQMD ambient concentration limit (ACL)

Concentration (pg/m3)
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Figure 3-7. Median concentration of beryllium in air particulate samples taken at the
Livermore site perimeter, 1975-2004

There is no regulatory requirement to monitor beryllium in San Joaquin County;
however, LLNL analyzes samples from several Site 300 locations as a best management
practice. The monthly median beryllium concentration for all Site 300 locations was
7.2 pg/m?. The highest value for the Site 300 area samples occurred in the September
sample at TCDEF. This sample recorded a value of 23 pg/m?, which is 0.12% of the
ambient concentration limit.
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Environmental Impact of Ambient Air

LLNL operations involving radioactive materials had little impact on radionuclide
concentrations in ambient air during 2004. Radionuclide particulate concentrations in
air at the Livermore site and in the Livermore Valley were well below the levels that
would cause concern for the environment or public health.

The diffuse tritium sources at Building 331 and the Building 612 Yard had a small, local-
ized effect with minimal impact on the public. Any potential dose received by a member
of the public from the diffuse sources is accounted for when doses are calculated based
on tritium concentrations at the Livermore site perimeter. The mean tritium concentra-
tion for all Livermore site perimeter air tritium sampling locations in 2004 was about
one-third lower than in 2003. Both mean and median concentrations of tritium in the
Livermore Valley or at Site 300 were all well below detection limits. For a location at
which the mean concentration is at or below the detection limit, inhalation dose from
tritium is assumed to be less than 5 nSv/y (i.e., the dose from the detection limit of
about 25 mBq,/m?).

There are two Livermore site locations (CRED and VIS) with public access, at

least during working hours. If it were assumed that a member of the public inhaled

air continuously for a year at the maximum biweekly concentration at CRED

(120 mBq,/m?) or VIS (72.2 mBq/m?), the resulting doses would still be tiny

(25 nSv/y and 15 nSv/y, respectively). Put another way, the maximum concentration at
CRED is just 0.2% of concentration limits for minor sources set by the U.S. EPA in
Table 2, Appendix E to 40 CFR 61 (Harrach 2005).

The concentrations of beryllium at both the Livermore site and Site 300 can be attrib-
uted to resuspension of surface soil containing naturally occurring beryllium. Local soils
contain approximately 1 ppm of beryllium, and the air of the Livermore area and the
Central Valley typically contains 10 to 100 pg/m? of particulates. Using a value of

50 ng/m? for an average dust load and 1 ppm for beryllium content of dust, a conserva-
tive airborne beryllium concentration of 50 pg/m? can be predicted. The overall median
for the Livermore site and Site 300 (excluding the oft-site location, TCDF) are both
7.3 pg/m?3. These data are lower than estimated for natural background, well below
standards, and do not indicate the presence of a threat to the environment or public
health.
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Sanitary Sewer Effluent Monitoring

Lawrence Livermore National Laboratory monitors a multifaceted system of waters that
includes wastewaters, storm water, and groundwater, as well as rainfall and local surface
waters. Water systems can also operate differently between the Livermore site and

Site 300. For example, Site 300 is not serviced by a publicly owned treatment works as is
the Livermore site, so different methods of treating and disposing of sanitary waste are
used at the two LLNL sites. As described below, many different drivers determine the
appropriate methods and locations among the various water monitoring programs.

In general, water samples are collected according to written standardized procedures
appropriate for the medium (see Woods 2005). Sampling plans are prepared in advance
by each network analyst, who is the LLNL staff person responsible for developing and
implementing the specific monitoring programs or networks. The network analyst
decides what analytes are to be sampled (see Appendix A) and at what frequency, incor-
porating any permit-specified analyses. Except for certain sanitary sewer and retention
tank analytes, the analyses were usually performed by oft-site California-certified contract
analytical laboratories.

SANITARY SEWER EFFLUENT MONITORING

In 2004, the Livermore site discharged an average of 1.25 million liters (ML) per day of
wastewater to the City of Livermore sewer system, 4.7% of the total flow into the city’s
system. This volume includes wastewater generated by Sandia National Laboratories/
California (Sandia/California), which is discharged to the LLNL collection system and
combines with LLNL sewage before it is released at a single point to the municipal
collection system (Figure 4-1). In 2004, Sandia/California generated approximately
11.3% of the total effluent discharged from the Livermore site. LLNL’s wastewater
contains both sanitary sewage and process wastewater and is discharged in accordance
with permit requirements and the City of Livermore Municipal Code, as discussed
below.

Livermore Site Sanitary Sewer Monitoring Complex

LLNL’s sanitary sewer discharge permit (Permit 1250, 2003 /2004 and 2004 ,/2005)
requires continuous monitoring of the effluent flow rate and pH. Samplers collect flow-
proportional composite samples and instantaneous grab samples that are analyzed for
metals, radioactivity, toxic chemicals, and water-quality parameters at the Sewer
Monitoring Station (SMS). In addition, as a best management practice, the outflow to
the municipal collection system is sampled continuously and analyzed in real time for
conditions that might cause upset or pass through to the Livermore Water Reclamation
Plant (LWRP) treatment process or otherwise impact the public welfare. The effluent is
continuously analyzed for flow, pH, regulated metals, and gamma radioactivity. If
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To City of Livermore Collection System
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Figure 4-1. LLNL sanitary sewer system, monitoring stations, and diversion facility

concentrations above warning levels are detected the site effluent is automatically
diverted to the Sewer Diversion Facility (SDF), and an alarm is registered at the LLNL
Fire Dispatcher’s Station, which is attended 24 hours a day. The monitoring system
provides a continuous check on sewage control, and the LWRP is notified of contami-

nant alarms. Trained LLNL staft respond to all alarms to evaluate the cause and take

appropriate action.

2004 LLNL Environmental Report

4-3



Sanitary Sewer Effluent Monitoring

In addition to the continuous monitoring at the SMS, LLNL monitors pH at the
upstream pH Monitoring Station (pHMS) (see Figure 4-1). The pHMS continuously
monitors pH during peak flow hours between 7 a.m. and 7 p.m. during the workweek
and diverts pH discharges outside the permit range of 5 to 10 to the SDF. The pHMS
duplicates the pH monitoring and diversion capabilities of the SMS but is able to initiate
diversion earlier because it is located upstream of the SDF.

LLNL maintains and operates a diversion system that activates automatically when either
the SMS continuous monitoring system or the pHMS detects an anomalous condition.
For SMS-activated alarms, the SDF ensures that all but the first few minutes of the
potentially affected wastewater flow is retained at LLNL, thereby protecting the LWRP
and minimizing any potential cleanup. When the SDF is activated by the pHMS for pH
excursions, even the first few minutes of affected wastewater flow are retained. Up to
775,000 L of potentially contaminated sewage can be held, pending analysis to deter-
mine the appropriate handling method. The diverted effluent may be returned to the
sanitary sewer (if it meets LLNL’s wastewater discharge permit limits), shipped for off-
site disposal, or treated at LLNL’s Radioactive and Hazardous Waste Management
(RHWM) facilities and then released to the sanitary sewer. All diverted sewage in 2004
was returned to the sanitary sewer.

Radiological Monitoring Results

Work Smart Standards (WSS) establish the standards of operation at LLNL (see
Chapter 2), and include the standards for sanitary sewer discharges. For radioactive
material releases, complementary (rather than overlapping) sections from Department of
Energy (DOE) Order 5400.5 and 10 CFR Part 20 are both part of the standards. From
DOE Order 5400.5, the WSS for sanitary sewer discharges include the criteria DOE
established for the application of best available technology to protect public health and
minimize degradation of the environment. These criteria (the Derived Concentration
Guides, or DCGs) limit the concentration of each radionuclide discharged to publicly
owned treatment works. If a measurement of the monthly average concentration of a
radioisotope exceeds its specific concentration limit, LLNL is required to improve
discharge control measures until concentrations are again below the DOE limits. From
10 CER Part 20, the numerical discharge limits for sanitary sewer discharges in the WSS
include the annual discharge limits for radioactivity: 185 GBq (5 Ci) of tritium, 37 GBq
(1 Ci) of carbon-14, and 37 GBq (1 Ci) of all other radionuclides combined. The

10 CFR Part 20 limit on total tritium activity dischargeable during a single year

(185 GBq [5 Ci]) is primary over the DOE Order 5400.5 concentration-based limit for
tritium for facilities such as LLNL that generate wastewater in large volumes. In addition
to the DOE average concentration discharge limit for tritium and the 10 CFR Part 20
annual total discharge limit for tritium, the LWRP established in 1999 an effluent
concentration discharge limit for LLNL governing daily releases of tritium. This limit is
more stringent than the DOE discharge limit: it is a factor of 30 smaller and applies to a
daily rather than an annualized concentration. The following discussion includes the
specific radioisotopes with potential to be found in the sanitary sewer effluent at LLNL
with respect to the appropriate discharge limit. (All analytical results are included in the
file “Ch4 LV Wastewater” provided on the report CD.)
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LLNL determines the total radioactivity released from tritium, gross alpha emitters, and
gross beta emitters from the measured radioactivity in the monthly effluent samples. The
2004 combined release of alpha and beta sources was 0.54 GBq (0.15 Ci), which is
0.054% of the corresponding 10 CFR Part 20 limit (37 GBq [1.0 Ci]). The combined
total is the sum of the alpha and beta results shown in Table 4-1. The tritium total was
1.3 GBq (0.35 Ci), which is 0.72% of the 10 CFR Part 20 limit (185 GBq [5 Ci]).

Table 4-1. Estimated total radioactivity in LLNL sanitary sewer
effluent, 2004

Radioactive Estimate based on Limit of
emitter effluent activity sensitivity
(GBq)® (GBq)
Tritium 1.34 1.12
Gross alpha sources 0.03 0.112
Gross beta sources 0.51 0.239

a 37GBq=3.7x10°Bq=1Ci

Summary results and statistics for tritium measured in the sanitary sewer effluent from
LLNL and LWRP are presented in Table 4-2. The total monthly activity is calculated by
multiplying each monthly concentration by the total flow volume over which the sample
was collected. (Per DOE guidance, all total annual results presented in this chapter for
radioactive emitters are calculated by using the analytical results regardless of whether
they were above or below the detection limit. [U.S. DOE 1991])

As shown in Table 4-2, the median monthly concentration and the maximum monthly
average concentration of tritium were a small fraction of the DOE annualized discharge
limit (370 Bq/mL [0.01 pCi/mL]). The maximum daily concentration for tritium was
far below the permit discharge limit (12 Bq/mL [333 pCi/mL]).

The historical trend in the monthly concentration of tritium is shown in Figure 4-2
(before 2002, the figure shows the calculated monthly average). Also included in the
figure are the limit of sensitivity (LOS) values for the tritium analysis and the DOE
tritium limit (370 Bq/mL [0.01 nCi/mL]).

The concentrations of plutonium-239 and cesium-137 measured in the sanitary sewer
effluent from LLNL and LWRP, and LWRP sludge are presented in Tables 4-3 and 4-4,
respectively. The plutonium and cesium results are from monthly composite samples of
LLNL and LWRP effluent, and quarterly composites of LWRP sludge. For 2004, the
annual total discharge of cesium-137 and the annual total plutonium-239 were far below
the DOE DCG. Plutonium discharged in LLNL effluent is ultimately concentrated in
LWRP sludge. The median plutonium concentration observed in 2004 sludge

(Table 4-4), is many times lower than the EPA preliminary remediation goal for residen-
tial soil (93 mBq/dry g [2.5 pCi/dry g]) and is 18,500 times lower than the remedia-
tion goal for industrial or commercial soil (370 mBq/dry g [10 pCi/dry g]).
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Table 4-2. Summary statistics of tritium in sanitary sewer effluents,
LLNL and LWRP, 2004

Monitoring results

LLNL LWRP
Daily Monthly Monthly
Maximum (Bq/mL) 0.04() 0.006® | 0.004()
Median (Bq/mL) 0.002 0.003 0.0006
LLNL annual total (GBq) 1.34
Discharge limits for LLNL effluent
. Monitoring results as
Discharge percentage of limit
limit
Maximum Median
LWRP permit daily (Bg/mL) 12 0.33% 0.02%
DOE annualized discharge limit 370 0.002%® | 0.0008%'®)
for application of BAT!Y (Bq/mL)
10 CFR 20 annual total (GBq) 185 0.7%

a This daily result is for an August sample.

b This is the monthly value for May. All monthly values above limit of sensitivity are plotted
in Figure 4-2.
This is the monthly result for March.

d The DOE annualized discharge limit for application of best available technology (BAT) is

five times the derived concentration guide (DCG: ingested water) for each radionuclide
released.

e Monitoring results as a percentage of limit are calculated using the LLNL monthly sample
and the DOE annualized discharge limit.

Figure 4-3 summarizes the cesium-137 and plutonium-239 monitoring data over the
past 10 years. The historical levels for plutonium-239 observed since 1995 average
approximately 1 nBq/mL (3 x 107° pCi/mL). These historical levels generally are
0.0003% of the DOE DCG for plutonium-239. The cyclic nature of the data in

Figure 4-3 suggests a potential frequency relationship in LLNL sewer lines for radionu-
clide buildup and subsequent liberation by line cleaning. Regardless, the higher pluto-
nium and cesium concentrations are all well below applicable DOE DCGs.

LLNL also compares annual discharges with historical values to evaluate the effectiveness
of ongoing discharge control programs. Table 4-5 summarizes the radioactivity in sani-
tary sewer effluent over the past 10 years. During 2004, a total of 1.3 GBq (0.35 Ci) of
tritium was discharged to the sanitary sewer, an amount that is well within environmental
protection standards and is comparable to the amounts discharged during the past

10 years.
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Note: Only values above the limit of sensitivity (LOS) of the analytical method used are plotted.

Figure 4-2. Historical tritium concentrations in the Livermore site sanitary sewer effluent

Nonradiological Monitoring Results

LLNL monitors sanitary sewer effluent for chemical and physical parameters at different
frequencies depending on the intended use of the result. For example, LLNL’s waste-
water discharge permit requires LLNL to collect monthly 24-hour composites, weekly
composites, and daily composites. Once a month, a 24-hour, flow-proportional
composite is collected and analyzed; this is referred to as the monthly 24-hour composite
in the discussion below. The weekly composite refers to the flow-proportional samples
collected over a 7-day period continuously throughout the year. The daily composite
refers to the flow-proportional sample collected over a 24-hour period, also collected
continuously throughout the year. LLNL’s wastewater discharge permit specifies that the
effluent pollutant limit (EPL) is equal to the maximum pollutant concentration allowed
per 24-hour composite sample. Only when a weekly composite sample concentration is
at or above 50% of'its EPL are daily samples collected during the corresponding period
analyzed to determine if any of their concentrations are above the EPL.

To better understand the characteristics of the Livermore site sanitary sewer effluent,
LLNL also tracks flow-weighted monthly concentrations for all regulated metals in
LLNL’s sanitary sewer effluent; Table 4-6 presents the flow-weighted monthly concen-
trations for 2004. To obtain these concentrations, each weekly composite is weighted by
the total flow volume for the period during which the sample was collected. This flow-
weighted monthly concentration represents the characteristic concentration for that
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Table 4-3. Cesium and plutonium in LLNL and LWRP sanitary sewer effluents, 2004

Cesium-137 (uBg/mL) Plutonium-239 (nBg/mL)
Month LLNL LWRP LLNL LWRP
Radioactivity | MDC'® | Radioactivity | MDC'®) | Radioactivity |MDC!®/| Radioactivity | MDC'®
Jan 0.80 =2.8 3.5 -1.03 *4.4 3.9 5.291 54 6.7 272 3.7 5.1
Feb 9.07 +37 | 37 —b O 06 | 6031 £16 | 69 |-1.40 3.7 7.5
Mar 0.00 * 0.0 53 18.7 +60 52 38.85 =14 7.7 11.8 =17 19
Apr 2.68 =24 21 -0.07 *£21 19 19.72 £9.0 5.8 -1.90 £5.0 10
May -3.23 * 21 19 -1.57 *£22 19 40.33 * 14 6.4 4.88 4.4 3.2
Jun 0.68 + 3.8 3.4 0.68 +3.8 35 22.72 9.1 5.5 -2.10 +24 32
Jul 1.54 + 3.6 3.3 0.39 *4.0 3.6 13.47 +7.4 6.3 0.00 * 0.0 82
Aug 5.00 * 4.3 4.0 1.38 £3.6 3.3 23.13 =9.1 5.8 1.62 + 4.1 6.5
Sep 0.79 = 3.4 3.1 -2.98 *4.2 3.5 16.50 7.4 4.6 10.4 +*6.3 5.4
Oct 0.64 +3.8 3.4 1.53 =54 5.0 14.80 7.3 5.3 -3.36 2.8 10
Nov 1.46 £7.0 6.1 3.36 £5.9 5.4 14.62 =12 16 540 7.2 9.9
Dec 1.33 +6.9 6.1 0.68 *6.0 5.3 46.62 =11 4.0 0.24 +2.2 4.2
Median 1.06 0.68 21.22 0.93
Annual LLNL total discharge by radioisotope
Cesium-137 Plutonium-239
Bg/y'9 8.3 x 10° 1.16 x 104
Cily 2.3x 1073 3.1 x 107
Fraction of limit (9
DOE
5400.5 32x10% 6.9 x 1078
DCG®

Note: Results in this table are reported as radioactivity (the measured concentration and a + 26 counting uncertainty) along
with the detection limit or minimum detectable concentration (MDC). A measured concentration exhibiting a 26 counting
uncertainty greater than or equal to the measured concentration is considered a nondetection (see Chapter 8).

MDC = minimum detectable concentration

T Q

The sample could not be analyzed due to an inadvertent error at the analytical laboratory.
1Ci=3.7x10Bq
Fraction of limit calculations are based on the annual total discharge for a given isotope and the corresponding concentra-

tion-based limit (0.56 and 0.37 Bq/mL for cesium-137 and plutonium-239, respectively) multiplied by the annual volume of
Livermore site effluent.

o o

e DCG = Derived Concentration Guide
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Table 4-4. Radioactivity of cesium and plutonium
in LWRP sludge, 2004

Month Cesium-137 Plutonium-239
(mBg/dry g)® (mBq/dry g)©
Mar <1.01 0.126 + 0.033
Jun <0.98 0.101 = 0.051
Sep <0.99 0.132 £ 0.029
Dec <1.01 0.141 = 0.024
Median 1.00 0.129

Note: Sludge from LWRP digesters is dried before analysis. The
resulting data indicate the cesium and plutonium concentra-
tion of the sludge prepared by LWRP for disposal at the
Vasco Road Landfill in Alameda County.

a Results are reported as radioactivity (the measured concentra-
tion and = 20 counting uncertainty). A measured concentration
exhibiting a 20 counting uncertainty greater than or equal to
100% is considered to be a nondetection and is reported with a
less than (<) symbol. See Chapter 8.

Concentration (Bg/mL)

10 = - 2.7x10°
- - 102
1 DOE Cs-137 limit
e L 10
101 DOE Pu-239 limit :
1
102 —0— LLNL Pu-239 "';
g —A— LLNL Cs-137 =101 =
10_3—= E %
—a— Cs-137 MDC F Lo 2
] §_10 :
1074 F 2
102 §
10_5—5 3 =
: t\ e ) STRIE:
10~° A o M O F 5]
® ."..0 Ra 0 Q OQ Q 9 0 Q O 5—10_5 O
107 a0 FOAB\90 0| 9[dR 0 0 o"'."' ® 0.. 0 F
800 g .I O Q) O .o.cl &0 N e
. A O O H ......." 10
10 | .
10
1079 T T T T T T T T T f27x1078
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Year

Figure 4-3. Average monthly plutonium and cesium concentrations in LLNL sanitary sewer effluent
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Table 4-5. Historical radioactive liquid effluent
releases from the Livermore site, 1994-2004

Year Liquid effluent (GBq)
Tritium Plutonium-239
1994 6.9 1.9 x10™
1995 6.0 12 x10™
1996 120 42 x107™4
1997 9.1 2.1 x10™
1998 10 0.77 x 1074
1999 7.1 0.68 x 1074
2000 5.0 0.96 x 10~
2001 4.9 1.1 x10™4
2002 0.74 0.42 x 1074
2003 1.11 0.51 x10~*
2004 ) 1.34 1.16 x 107>

a In 1995, Sandia/California ceased all tritium facility opera-
tions. Therefore, the annual tritium totals beginning with the
1996 value do not include contributions from Sandia/Cali-
fornia.

b Starting in 2002, following DOE guidance, actual analytical
values were used to calculate total instead of LOS values.

month. In 2004, the flow-weighted monthly concentrations were generally typical of the
values seen in recent years. In Table 4-6, the 2004 median flow-weighted concentration
for each metal is shown and compared with the EPL. The median flow-weighted
monthly concentrations for the nine regulated metals remained essentially unchanged,
less than 10% variation, from the corresponding 2003 values for all nine regulated
metals. These flow-weighted monthly concentration median values were less than 10% of
the EPLs for all but copper, lead, and zinc, which were at 18%, 11%, and 15% of the
wastewater discharge permit limit, respectively.

Figure 4-4 presents historical trends for the monthly 24-hour composite sample results
from 2000 through 2004 for eight of the nine regulated metals; cadmium is not
presented because this metal was not detected above the practical quantitation limit
(PQL) of 0.005 mg/L. (Typical PQLs for the regulated metals in LLNL sanitary
effluent are shown in Table 4-6. Sample results for the 2004 monthly 24-hour compos-
ites are included in the file “Ch4 LV Wastewater” provided on the report CD.) All of
the monthly 24-hour composite samples were in compliance with LLNL’s wastewater
discharge permit limits. As noted in recent years, the concentrations of silver, arsenic,
chromium, mercury (other than the August value of 0.002 mg/L, an analytical artifact
resulting from matrix interference), and nickel remain very close to their respective
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Table 4-6. Flow-weighted monthly concentrations for regulated metals in LLNL sanitary sewer effluent

(mg/L), 2004

Month Ag As Cd Cr Cu Hg Ni Pb Zn
Jan 0.012 0.0026 | <0.0050 [0.020 |0.17 0.00033 | 0.0095 |0.014 |0.48
Feb <0.010 |0.0027 |<0.0050 [0.020 |0.15 0.00037 | 0.0081 0.013 | 0.42
Mar <0.010 |0.0042 |<0.0050 [0.023 |0.16 0.00055 | 0.0088 |0.019 |0.46
Apr <0.010 |0.0038 |<0.0050 [0.027 |0.16 0.00038 | 0.0093 |0.067 |0.46
May <0.010 |0.0040 | <0.0050 |0.027 |0.15 0.00042 |0.0088 |0.038 |0.39
Jun 0.013 0.0063 | <0.0050 |0.030 |0.20 0.00073  |0.012 0.025 |0.48
Jul <0.010 |0.0055 |<0.0050 [0.020 |0.25 0.00034 | 0.011 0.035 |0.38
Aug 0.010 0.0051 |<0.0050 [0.018 |0.23 0.00051 |0.010 0.028 |0.34
Sep <0.010 |0.0057 |<0.0050 |0.021 0.30 0.00033 |0.012 0.024 |0.39
Oct <0.010 |0.0042 |<0.0050 [0.018 |0.18 0.00031 | 0.010 0.018 | 0.43
Nov <0.010 |0.0034 |<0.0050 |0.020 |0.18 0.00026 | 0.0093 | 0.012 1.88
Dec <0.010 |0.0044 | <0.0050 |0.018 |0.23 0.00029 | 0.012 0.019  |0.44
Median <0.010 |0.0042 |<0.0050 [0.020 |0.18 0.00035 | 0.0097 |0.021 0.44
IQR@ —(b) 0.0015 |—®) 0.0045 |0.064 |0.00012 [0.0017 |0.012 |0.075
EPL() 0.20 0.06 0.14 0.62 1.0 0.01 0.61 0.20 3.00
Median fraction | <0.05 0.07 <0.04 0.03 0.18 0.04 0.02 0.11 0.15
of EPL
pQL 0.010 0.0020 |0.0050 0.010 |0.010 |0.00020 | 0.0050 | 0.0020 |0.020

Note: Monthly values are presented with less-than signs when all weekly composite sample results for the month are below the
detectable concentration.

IQR = Interquartile range

T o

Because of the large number of nondetects, the interquartile range cannot be calculated. See Chapter 8.
EPL = Effluent pollutant limit (LLNL Wastewater Discharge Permit 1250, 2003/2004, and 2004/2005)

PQL = practical quantitation limit (These limits are typical values for sanitary sewer effluent samples.)

o o

PQLs. The other metals (copper, lead, and zinc) are regularly detected above their PQLs
and continue to show an occasional elevated concentration. Even these elevated values,
however, never exceeded 30% of their EPLs in 2004; copper, lead, and zinc peaked at
28%, 21%, and 16% of their respective EPLs.

The monthly 24-hour composite and weekly composite concentrations for 2004 are
presented in Figure 4-5 for eight of nine regulated metals as a percentage of the corre-
sponding EPL; cadmium results are not presented because the metal was not detected
above the practical quantitation limit of 0.005 mg/L in any of the weekly or monthly
samples. As previously mentioned, all of the monthly 24-hour composite samples are
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Figure 4-4. Monthly 24-hour composite sample concentrations for eight of the nine regulated metals
in LLNL sanitary sewer effluent showing historical trends

well below 50% of their respective EPLs. Of the weekly composites, a total of four
samples were identified for additional analyses based on concentrations above the permit-
specified action limit.

These investigations examined two weekly samples for lead (from April and May at 126%
and 59% of the EPL, respectively), one weekly sample for copper (from September at
68% of the EPL), and one weekly sample for zinc (from November at 193% of the EPL).
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Figure 4-5. Results as percentages of effluent pollutant limits (EPLs) for eight of the nine regulated
metals in LLNL sanitary sewer effluent, 2004

As required by the permit, the daily samples that correspond to the appropriate 7-day
composite sampling periods were submitted to an off-site contract analytical laboratory
for analysis. In each of these four cases, results from the 24-hour composite daily samples
demonstrated that no metal concentration exceeded the wastewater discharge limits.
Although the LWRP was advised of these elevated metal concentrations (initially
detected in weekly composite samples), the results from the follow-up analyses of daily
samples were also reported; confirming that there was no threat to the integrity of the
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Table 4-7.

LWRP operations. (Note: Experience has demonstrated a number of limitations associ-
ated with the weekly composite sampling location used through 2004, impacting the
homogeneity of effluent samples and resulting in anomalous concentration values for the
permitted metals. To improve the quality of the weekly samples, the LWRP approved
relocating LLNL’s weekly composite sampler into the SMS facility alongside the existing
daily composite sampling system. This location change became effective on

December 30, 2004, and will apply to all the weekly composite samples reported for
2005.)

Detections of anions, metals, and organic compounds and summary data concerning
other physical and chemical characteristics of the sanitary sewer effluent are provided in
Table 4-7. (Table 4-7 does not include the monthly metals results, which are plotted in
Figure 4-5, or monthly monitoring results for analytes not detected in any of the
24-hour composite or grab samples. All analytical results are included in the file “Ch4
LV Wastewater” provided on the report CD.) The 2004 results are similar to typical
values seen in previous years for the two regulated parameters, cyanide and total toxic
organics (TTOj see chemicals with a “(g)” superscript in Table 4-7), and all other
nonregulated parameters. Cyanide (permit limit 0.04 mg/L) was below analytical detec-
tion limits (0.02 mg/L) in both the April and September semiannual samples. The
monthly TTO values ranged from <0.010 mg/L to 0.065 mg/L (with a TTO median
value of 0.036 mg/L), well below the TTO permit limit of 1.0 mg/L. In addition to
the organic compounds regulated under the TTO standard, six nonregulated organics
were also detected in LLNL’s sanitary sewer effluent: three volatile organic compounds
(acetone, ethanol, and Freon 113) and three semivolatile organic compounds (benzoic
acid, benzyl alcohol, and 3- & 4-methylphenol [m- and p-Cresol]).

In 2004, the SMS continuous monitoring system detected one inadvertent discharge
outside the permitted pH range of 5 to 10. This event, with a pH slightly below 5,
occurred oft-hours (Sunday, March 7, 2004) when the upstream pHMS was off-line. As
a result, a small front-end volume of low pH sanitary effluent was released to the LWRP
system before the SMS initiated a diversion to the SDF. The LWRP was immediately
notified of this low pH discharge; however, this incident did not represent a threat to the
integrity of the operations of the LWRP. The lowest pH recorded for effluent contained
in the March 7 release was 4.6.

Monthly monitoring summary for physical and chemical characteristics of the LLNL sanitary

sewer effluent, 2004

Detection

Parameter fre (b) | Minimum Maximum Median IQRI©)
quency
24-hour composite sample parameter (mg/L)
Alkalinity
Bicarbonate alkalinity (as CaCO3) 12 of 12 190 330 230 42.5
Carbonate alkalinity (as CaCO3) 7 of 12 <5 68 10.5 —(d
Total alkalinity (as CaCOs) 12 of 12 210 360 245 62.5
Anions
Bromide 11 0f 12 <0.1 0.6 0.25 0.25
Chloride 12 of 12 41 350 100 200
Fluoride 11 0f 12 <0.05 0.39 0.19 0.1
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Table 4-7. Monthly monitoring summary for physical and chemical characteristics of the LLNL sanitary

sewer effluent, 2004 (continued)

Detection

Parameter fre (b) Minimum Maximum Median IQRI©)
quency
Nitrate (as N) 10 of 12 <0.1 0.83 0.20 0.38
Nitrate (as NO3) 10 of 12 <0.5 3.7 0.86 1.6
Nitrate plus Nitrite (as N) 2 of 3t <0.1 1.1 —(e) —d
Nitrite (as NO,) 40f12 <0.5 0.96 <0.5 —d
Orthophosphate 11 of 1160 9.3 20 16 5.5
Sulfate 12 of 12 <0.1 0.6 0.25 0.25
Nutrients
Ammonia nitrogen (as N) 12 of 12 23 53 42 8.8
Total Kjeldahl nitrogen 12 of 12 35 74 57 13
Total phosphorus (as P) 12 of 12 5.4 11 8.5 1.7
Oxygen demand
Biochemical oxygen demand 12 of 12 154 349 262 49.8
Chemical oxygen demand 12 of 12 404 712 522 150
Solids
Settleable solids 12 of 12 5 40 27 11
Total dissolved solids (TDS) 12 of 12 208 970 379 441
Total suspended solids (TSS) 12 of 12 240 650 320 105
Volatile solids 12 of 12 320 820 405 143
Total metals
Aluminum 12 of 12 0.3 0.74 0.42 0.18
Calcium 12 of 12 14 61 27 27
Iron 12 of 12 1.4 3.4 1.9 0.85
Magnesium 12 of 12 3.1 36 9.5 18
Potassium 12 of 12 17 27 20 4.3
Selenium 3of 12 <0.002 0.0023 <0.002 —d
Sodium 12 of 12 34 240 71 110
Total organic carbon (TOC) 12 of 12 32 62 51 11
Grab sample parameter
Semivolatile organic compounds (ug/L)
Benzoic acid 8 of 12 <10 110 <22 —d
Benzyl alcohol 11 of 12 <10 650 12 —d
Bis(2-ethylhexyl)phthalate(9) 40f12 <5 <30 <5.4 —d
Butylbenzylphthalate(®) 2 of 12 <2 12 <2 —d
Dibutylphthalate(®) 30f12 <2 32 <3 —(d
Diethylphthalate(9) 11 0f 12 <10 29 21 —d
Phenol(@) 7 of 12 <2 41 <8.5 —d
m- and p-Cresol 7 of 12 <2 54 <9.9 —(d)
Total oil and grease (mg/L)(") 8 of 8 9.5 38 24.5 8.8
Volatile organic compounds (ug/L)
1,4-Dichlorobenzene(9) 50f 12 <0.5 2.2 <0.5 —(d)
Acetone 12 of 12 110 520 290 180
Bromodichloromethane!®@ 8 of 12 <0.5 3 1.5 —d
Bromoform!(9) 7 of 12 <0.5 3 0.55 —d
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Table 4-7. Monthly monitoring summary for physical and chemical characteristics of the LLNL sanitary
sewer effluent, 2004(@ (continued)

Parameter frI:::Je:r'\icoyr(‘b) Minimum Maximum Median IQRE
Bromomethane!® 10f12 <1 5.6 <1 —d
Chloroform(9) 12 of 12 1.5 17 3.9 7.6
Dibromochloromethane(@ 7 of 12 <0.5 4.5 1.4 —d
Dibromomethane!9) 2 of 12 <0.5 0.78 <0.5 —d
Ethanol 2 of 12 <800 8300 <800 —
Freon 113 2 of 12 <0.5 61 <0.5 —d
Toluene? 50f 12 <0.5 1.3 <0.5 —(d

The monthly sample results plotted in Figure 4-5 and nondetected values are not included in this table.

The number of times an analyte was positively identified, followed by the number of samples that were analyzed (generally
12, one sample for each month of the year).

¢ IQR = Interquartile range

d When the detection frequency is less than or equal to 50%, or there is no range, or there are fewer than six results for a
sample parameter, the interquartile range is omitted.

e Due to a change in analytical methods, the contract laboratory reported this parameter in only 3 of 12 months. With so
few data points, the median value is omitted.

f Analytical laboratory error (one sample was not analyzed within hold time)

g Priority toxic pollutant parameter used in assessing compliance with the total toxic organic (TTO) permit limit of 1 mg/L
(1000 ug/L), LLNL Wastewater Discharge Permit 1250, 2003/2004, and 2004/2005

h The requirement to sample for oil and grease has been suspended until further notice per LWRP letter of April 1, 1999,
nevertheless, LLNL collects these samples (four per day) semiannually as part of the source control program.

Categorical Processes

The U.S. Environmental Protection Agency (EPA) publishes Categorical standards for
broad categories of specific industrial processes determined to be the most significant
contributors to point-source water pollution. These standards contain specific numerical
limits for the discharge of industry-specific pollutants from individual processes. At
LLNL, the federal Categorical requirements are incorporated into the wastewater
discharge permit (1250 (04-05)), which is administered by the LWRP. The number of
processes at LLNL under these standards is subject to periodic change as programmatic
requirements dictate. During 2004, the LWRP identified 15 specific LLNL wastewater-
generating processes that fall under the definition of two categorical standards: Electrical
and Electronic Components (40 CFR 469), and Metal Finishing (40 CFR 433). Only
those processes that discharge to the sanitary sewer require sampling, inspection, and
reporting. Three of the 15 processes meet these criteria. In 2004, LLNL analyzed
compliance samples for all regulated parameters from these three processes and demon-
strated compliance with all federal Categorical discharge limits. Other processes that do
not discharge to the sanitary sewer but would otherwise be regulated under the Metal-
Finishing Point Source Category include printed circuit board manufacturing, electrol-
ysis plating, chemical etching, electroplating, anodizing, coating, electrical discharge
machining, and abrasive jet machining. These 12 nondischarging processes are evaluated
semiannually. Wastewater from these nondischarging processes is either recycled or
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contained for eventual removal and appropriate disposal by LLNL’s RHWM Division.
Because these processes do not discharge directly or indirectly to the sanitary sewer, they
are not subject to the monitoring and reporting requirements contained in the applicable
standard.

As required in LLNL's Wastewater Discharge Permit, compliance with Permit require-
ments is demonstrated by semiannual sampling and reporting. LWRP Source Control
statf performed the required annual inspection and sampling of the three discharging
categorical processes in 2004. LLNL Environmental staft sample the same processes
semiannually. These compliance samples were analyzed for all regulated parameters and
the resulting data collected demonstrate compliance with all federal and local pretreat-
ment limits. Of the three discharging categorical processes, the Building 153 microfabri-
cation facility released the largest volume of water to the sanitary sewer. As a further
environmental safeguard, LLNL sampled each volume retained at Building 153 prior to
discharge to the sanitary sewer. These monitoring data were reported to the LWRP in
July 2004 and January 2005 semiannual wastewater reports (Grayson 2004, 2005).

Discharges of Treated Groundwater

LLNL’s groundwater discharge permit (1510G, 2002-2004) allows treated ground-
water from the Livermore site Ground Water Project (GWP) to be discharged in the City
of Livermore sanitary sewer system. (See Chapter 7 for more information on the GWP.)
During 2004, there were six discharges to the sanitary sewer from the GWP. The total
volume of treated groundwater discharged to sanitary sewer was 18,645 liters. In each of
these discharge events, the groundwater released to the sanitary sewer originated from
the lower zone, beneath the LLNL site. These volumes of groundwater were acquired at
one of the on-site treatment facilities and used to condition new ion exchange resin
columns. These six events were separately sampled and discharged to the sanitary sewer
during 2004, all in compliance with self-monitoring permit provisions and discharge
limits of the permit. Complete monitoring data are presented in the Ground Water
Discharge Annual Self-Monitoring Report for 2004 (Revelli 2005a).

Environmental Impact of Sanitary Sewer Effluent

During 2004, no discharges exceeded any discharge limits for release of radioactive
materials to the sanitary sewer. The data are comparable to the lowest historical values.
All the values reported for radiological releases are a fraction of their corresponding
limits. Overall, LLNL achieved near perfect compliance with the provisions of its waste-
water discharge permit for nonradioactive materials; only one release of nonradiological
constituents outside permissible limits (a short pH discharge of 4.6, which was slightly
below the 5.0 pH limit) was detected.
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The data demonstrate that LLNL has continued the trend of excellent control of radio-
logical and nonradiological discharges to the sanitary sewer. Monitoring results for 2004
reflect an extremely effective year for LLNL’s wastewater discharge control program and
indicate no adverse impact to the LWRP or the environment from LLNL sanitary sewer
discharges.

SITE 300 SEWAGE PONDS AND SURFACE
IMPOUNDMENTS

Wastewater samples collected from the influent to the sewage evaporation pond, within
the sewage evaporation pond, and flow to the sewage percolation pond; and wastewater
samples collected from discharges to the Class II surface impoundments (surface
impoundments) from photographic processes, Chemistry Area processes, and Explosives
processes were obtained in accordance with the written standardized procedures summa-
rized in the Environmental Monitoring Plan (Woods 2005).

Sewage Evaporation and Percolation Ponds

Sewage generated at buildings in the General Services Area at Site 300 is discharged into
a lined evaporation pond. The wastewater is disposed of through evaporation from the
pond. However, during rare periods of high rainfall, treated wastewater may overflow
into an unlined percolation pond, where it enters the ground and the shallow ground-
water.

The environmental monitoring requirements for the sewage evaporation and percolation
ponds (hereafter collectively referred to as sewage ponds) are specified in the Monitoring
and Reporting Program (MRP) for Waste Discharge Requirements Order No. 96-248
(WDR 96-248). The monitoring requirements include both wastewater monitoring and
groundwater monitoring to detect potential impacts of the sewage on groundwater
quality. Wastewater is sampled quarterly at a sampling point (ISWP) in the line running
into the sewage pond and within the sewage evaporation pond (ESWP). Overflows into
the adjacent percolation pond are also permitted under WDR 96-248 and are sampled as
needed in the discharge line (DSWP) from the sewage pond to the percolation pond.
Nine groundwater monitoring wells are sampled semiannually to provide information on
the groundwater quality in the vicinity of the sewage ponds. All sampling locations are
shown in Figure 4-6. The wells are screened in three different geological formations:
Qal, Tnbsy, and Tnsc; (see Chapter 7). Tnbs; (Neroly Formation lower blue sandstone
unit) is the regional aquifer.
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Figure 4-6. Sewage evaporation and percolation ponds, compliance groundwater monitoring
wells, and wastewater monitoring locations, 2004

All wastewater parameters for the sewage evaporation and percolation ponds complied
with permit provisions and specifications throughout 2004. There was one continuous
overflow from the sewage evaporation pond to the percolation pond that began in late
December 2003 and continued into the first quarter of 2004. This permitted discharge
was sampled twice and reported to the Central Valley Regional Water Quality Control
Board (CVRWQCB). For details, see LLNL Experimental Test Site 300 Compliance
Monitoring Report for Waste Discharge Requivements 96-248, Annual/Fourth Quarter
Report 2004 (Brown 2005b). All of the monitored groundwater constituents were also
in compliance with permit limits.

Surface Impoundments

WDR 96-248 also establishes the basis for compliance monitoring of two connected
surface impoundments at Site 300 that receive wastewater and rinsewater discharges
from the Explosives Process Area, chemistry buildings, and photographic processes. This
includes monitoring of various influent waste streams to the surface impoundments.
Influent monitoring complements administrative control of chemicals that could degrade
the polyethylene liners of the impoundments. A two-tiered monitoring program
comprising weekly visual inspections of the leachate collection and removal systems, and
quarterly sampling of monitoring wells is in place to detect any release of chemicals from
the surface impoundments.
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Wastewater discharges from each of these three processes (explosives, chemistry, and
photography) to the surface impoundments are analyzed for constituents of concern
(COC:s) that have been found, or are likely to be found, in the process water from each
specified process area. The monitoring program contained in WDR 96-248 establishes
limits for discharges of COCs into the surface impoundments. In addition, no hazardous
or radioactive waste is allowed in the surface impoundments.

Influent waste streams are monitored at a prescribed frequency for area-specific COCs.
Annual monitoring was performed on discharges from the Explosives Process Area:
Buildings 806,807 and 817. (Building 809 is also included in this area but was inactive
in 2004.) Discharges from this area were discharged automatically into the surface
impoundments. Wastewater from the Chemistry Area (Buildings 825 and 826, and the
Building 827 Complex) is held in retention tanks until analytical results indicate that all
COCs are within discharge limits. No discharges occurred from the retention tanks at
Buildings 825, 826, or 827A; several discharges from Buildings 827C, 827D, and 827E
to the surface impoundments occurred in 2004. Photographic process rinsewaters from
Buildings 801 and 851 were sampled before being discharged, but were released to the
surface impoundments prior to obtaining sample results. Discharges to the surface
impoundments from retention tanks at Buildings 801 and 851 were discontinued during
the second quarter of 2004. Rinsewater from photographic processes at Building 823
was discharged automatically to the surface impoundments. Quarterly samples were
collected and analyzed of those discharges from Building 823 to satisty the requirements
of WDR 96-248.

No release of water to ground from the surface impoundments occurred during 2004.
For a detailed account of compliance monitoring of the Site 300 surface impoundments,
see LLNL Experimental Test Site 300 Compliance Monitoving Report for Waste Discharge
Requivements 96-248, Annual/Fourth Quarter Report 2004 (Brown 2005Db).

The two leachate collection and removal systems were monitored weekly for the pres-
ence of liquids to identify potential leaks. None were observed during 2004. No water
has been observed in the leachate collection and removal system since liner repairs were
made in 1997.

LLNL is required to obtain groundwater samples quarterly from four monitoring wells
(see Figure 4-7) and has established statistical concentration limits for COCs in ground-
water beneath the surface impoundments. These requirements are part of the MRP for
the surface impoundments detailed in WDR 96-248. Sporadic detections of ammonia
and of the plasticizer compound bis(2-ethylhexyl)phthalate have occurred since 2000.
However, because these chemicals have also been detected in method blank samples,
LLNL has determined that these COCs were not present in the groundwater samples
but were due to laboratory contamination of the samples.

Explosive compounds (HMX, RDX, and breakdown products) and perchlorate are the
compounds most indicative of discharges to groundwater from the Explosives Process
Area surface impoundments. However, prior to 1985, explosives wastewater was
discharged into unlined ponds in the vicinity of the present surface impoundments where
it infiltrated the soil; some of the explosives wastewater reached groundwater. Because of
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Figure 4-7. Locations of compliance groundwater monitoring wells in the Explosives Process Areaq,
2004

this past practice, it is necessary under regulations to discriminate between new releases
from the surface impoundments and past releases from the unlined ponds. (Background
concentrations were statistically calculated for each COC based on historical data from
all four monitoring wells. Any sample concentration exceeding background concentra-
tion, and by a retest sample, is assumed to come from a new release of that COC.) (See
also Chapter 7.) A few concentrations of the energetic compounds PETN, RDX, and
4-amino-2,6-dinitrotoluene that exceeded statistical limits in downgradient monitor
wells during the third quarter were determined to be statistical outliers. As statistical
outliers, it was not necessary to report them to the CVRWQCB as exceeding statistical
limits. LLNL continues to monitor and to track these concentrations. For details, see
LLNL Experimental Test Site 300 Compliance Monitoring Report for Waste Discharge
Requirements 96-248, Annual/Fourth Quarter Report 2004 (Brown 2005b).

A split above the waterline in the HDPE liner of the upper surface impoundment was
discovered October 13 together with several other weak places or striations. The damage
was reported to the CVRWQCB on October 14, observed by the CVRWQCB on
October 25, and repaired on November 4, 2004. The surface impoundments are being
closed in 2005 because the HDPE liner has exceeded its useful life. An alternate method
of wastewater disposal was agreed upon.
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Percolation Pits

Percolation pits designed to accept discharges from mechanical equipment are located at
Site 300 Buildings 806A, 827A, 827C, 827D, and 827E. In other Site 300 facilities,
these types of waste streams are discharged to septic systems. These discharges are
permitted by WDR 96-248, which specifies monthly observations and monitoring
requirements for overflows of the percolation pits. It an overflow should occur, it is
sampled and analyzed to determine concentrations of any metals present. During 2004,
all of the percolation pits operated normally with no overflows. Percolation pits at Build-
ings 827C and 827D contained standing water throughout the fourth quarter (Brown
2005b).

Environmental Impact of Sewage Ponds and
Surface Impoundments

All discharges from the Site 300 sewage evaporation pond to the percolation pond, as
well as discharges to the surface impoundments from the Explosives Process Area, chem-
istry buildings, and photographic processes were in compliance with discharge limits.
Groundwater monitoring related to these areas indicates that there were no measurable
impacts to the groundwater from these LLNL wastewater discharges.

STORM WATER COMPLIANCE AND SURVEILLANCE
MONITORING

To assess compliance with permit requirements, LLNL monitors storm water at the
Livermore site in accordance with WDR 95-174, National Pollutant Discharge Elimina-
tion System (NPDES) Permit No. CA0030023, issued in 1995 by the San Francisco Bay
Regional Water Quality Control Board (SEBRWQCB 1995). LLNL monitors storm
water discharges at Site 300 in accordance with the California NPDES General Permit
for Storm Water Discharges Associated with Industrial Activity (WDR 97-03-DWQ),
NPDES Permit No. CAS000001, State Water Resources Control Board (SWRCB
1997). For construction projects that disturb 0.4 hectares (1 acre) of land or more
LLNL also met the storm water compliance monitoring requirements of the California
NPDES General Permit for Storm Water Discharges Associated with Construction
Activity (WDR 99-08-DWQ, NPDES Permit No. CAS000002) (SWRCB 1999) and
subsequent modifications.
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Site 300 storm water monitoring also meets the requirements of the Post-Closure Plan
for the Pit 6 Landfill Operable Unit (Ferry et al. 1998), which includes specific moni-
toring and reporting requirements. In addition to the storm water quality constituents
required by the closure plan, LLNL monitors other constituents to provide a more
complete water quality profile. Appendix A includes the current list of analyses
conducted on storm water, including analytical methods and typical reporting limits.

Storm water monitoring at both sites also follows the requirements in the Environmental
Regulatory Guide for Radiological Effluent Monitoving and Environmental Surveillance
(U.S. DOE 1991) and meets the applicable requirements of DOE Order 5400.5,
Radiation Protection of the Public and the Environment.

At all monitoring locations at both the Livermore site and Site 300, grab samples are
collected from the storm water runoft flowing in the storm drains and stream channels.
Grab samples are collected by partially submerging sample bottles directly into the water
and allowing them to fill with the sample water. If the water to be sampled is not directly
accessible, a stainless-steel bucket or an automatic water sampler is used for sampling.
The bucket is triple-rinsed with the water to be sampled, then dipped or submerged into
the water and withdrawn in a smooth motion. Sampling is conducted away from the
edge of the arroyo to prevent the collection of sediment into the water samples. Sample
vials for volatile organics are filled before sample bottles for all other constituents and
parameters. In addition to chemical monitoring, LLNL is required by NPDES permit
WDR 95-174 to conduct acute and chronic fish toxicity testing on samples from the
Arroyo Las Positas (Livermore site) once per wet season. LLNL is not required to test
for fish toxicity at Site 300.

For the purpose of evaluating the overall impact of the Livermore site and Site 300
operations on storm water quality, storm water flows are sampled at upstream and down-
stream locations. Because of flow patterns at the Livermore site, storm water at sampling
locations includes runoft from other sources, such as neighboring agricultural land,
parking lots, and landscaped areas. In contrast, storm water at Site 300 is sampled at
locations that target specific on-site activities with no run-on from off-site sources. These
samples provide the information necessary to maintain compliance with the SWRCB.

NPDES permits for storm water require that LLNL sample effluent two times per year.
In addition, LLNL is required to visually inspect the storm drainage system during the
first hour of one storm event per month in the wet season (defined as October of one
year through April [Livermore site] or May [Site 300] of the following year) to observe
runoff quality and twice during the dry season to identity any dry weather flows. Influent
sampling is also required at the Livermore site. In addition, annual facility inspections are
required to ensure that the best management practices (BMPs) to control storm water
pollution are implemented and adequate.
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Constituent Criteria

There are no numeric criteria that limit concentrations of specific constituents in LLNL’s
storm water effluent. The U.S. Environmental Protection Agency (EPA) established
parameter benchmark values, but stressed that these concentrations are not intended to
be interpreted as effluent limits (U.S. EPA 2000). Rather, the values are levels that the
EPA has used to determine if storm water discharged from any given facility merits
further monitoring. Although these criteria are not directly applicable, they are used as
comparison criteria to help LLNL evaluate its storm water management program. To
further evaluate the storm water management program, LLNL established or calculated
site-specific threshold comparison criteria for a select group of parameters. A value
exceeds the threshold if it is greater than the 95% confidence limit computed for the
historical mean value for a specific parameter (Table 4-8). The threshold comparison
criteria are used to identify out-of-the-ordinary data that merit further investigation to
determine if concentrations of that parameter are increasing in the storm water runoft.
For a better understanding of how LLNL storm water data relate to other target values,
LLNL also compares water samples with criteria listed in the Water Quality Control
Plan, San Francisco Bay Basin (SFBRWQCB 1995), The Water Quality Control Plan
(Basin Plan) for the California Regional Water Quality Control Board, Central Valley
Region, Sacramento and San Joaquin River Basins (CVRWQCB 1998), state and federal
maximum contaminant levels (MCLs), and U.S. EPA ambient water quality criteria
(AWQC). The greatest importance is placed on the site-specific comparison criteria
calculated from historical concentrations in storm runoft.

Storm Water Inspections

Each directorate at LLNL conducts an annual inspection of its facilities to verify imple-
mentation of the storm water pollution prevention plans (SWPPPs) and to ensure that
measures to reduce pollutant discharges to storm water runoff are adequate. LLNL’s
associate directors certified in 2004 that their facilities complied with the provisions of
LLNL’s storm water pollution prevention plans. LLNL submits annual storm water
monitoring reports to the SEBRWQCB and to the CVRWQCB with the results of
sampling, observations, and inspections (Brown 2004a,b).

For each construction project permitted by WDR 99-08-DWQ, LLNL conducts visual
observations of construction sites before, during, and after storms to assess the effective-
ness of BMPs. Annual compliance certifications summarize these inspections. Annual
compliance certifications for 2004 covered the period of June 2003 through May 2004.
When requested by the respective regional water quality control board (RWQCB),
LLNL completes annual compliance status reports that cover the same reporting period.
During the 2003,/2004 reporting period, LLNL had active permits for seven projects
located at the Livermore site (see Table 2-3). LLNL terminated the permits for four of
the projects that were completed during 2004: the Central Cafeteria, East Avenue Secu-
rity Upgrades, 5th Street, and the International Security Research Facility (formerly
known as the Sensitive Compartmented Information Facility).
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Table 4-8. Threshold comparison criteria for selected water

quality parameters

Parameter Livermore site Site 300
Total suspended solids (TSS) 750 mg/L® 1,700 mg/Ll@
Chemical oxygen demand (COD) 200 mg/L@) 200 mg/Ll@)
pH <6.0, >8.5) <6.0, >9.0(b)
Nitrate (as NO3) 10 mg/L(°) not monitored
Orthophosphate 2.5 mg/L not monitored
Beryllium 1.6 ug/L 1.6 ug/L©@
Chromium(VI) 15 pg/Ll) not monitored
Copper 13 pg/L not monitored
Lead 15 ug/Lld) 30 pg/Ll)
Zinc 350 ug/L@ not monitored
Mercury above RL(®) 1 pg/Ll)
Diuron 14 pg/Ll) not monitored
Oil and grease 9 mg/L@ 9 mg/L@
Tritium 36 Bg/L©@ 3.17 Bg/L©
Gross alpha radioactivity 0.34 Bqg/Ll®) 0.90 Bg/L@
Gross beta radioactivity 0.48 Bq/Ll0) 1.73 Bg/L@

Note: The sources of values above these are examined to determine if any action

is necessary.

a Site-specific value calculated from historical data and studies. These values are
lower than the MCLs and EPA benchmarks except for zinc, TSS, and COD.

b EPA benchmark

Ambient water quality criteria (AWQC)

d California and EPA drinking water action level

e RL = reporting limit = 0.0002 mg/L for mercury

Livermore Site

As is commonly the case in urbanized areas, the surface water bodies and runoff path-
ways at LLNL do not represent the natural conditions. The drainage at the Livermore
site was altered by construction activities several times up to 1966 (Thorpe et al. 1990)
so that the current northwest flow of Arroyo Seco and the westward flow of Arroyo
Las Positas do not represent historical flow paths. About 1.6 km to the west of the
Livermore site, Arroyo Seco merges with Arroyo Las Positas, which continues to the
west to eventually merge with Arroyo Mocho (see Figure 4-8).
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Figure 4-8. Surface waterways in the vicinity of the Livermore site

The Drainage Retention Basin (DRB) was excavated and lined in 1992 to prevent infil-
tration of storm water that was dispersing groundwater contaminants. It also serves
storm water diversion and flood control purposes. The DRB collects about one-fourth of
the surface water runoff from the site and a portion of the Arroyo Las Positas drainage
(Figure 4-9). When full, the DRB discharges north to a culvert that leads to Arroyo Las
Positas. The remainder of the site drains either directly or indirectly into the two arroyos
by way of storm drains and swales. Arroyo Seco cuts across the southwestern corner

of the site. Arroyo Las Positas follows the northeastern and northern boundaries of the
site and exits the site near the northwest corner.
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Figure 4-9. Storm water runoff and Drainage Retention Basin sampling locations,
Livermore site, 2004

The routine Livermore site storm water runoff monitoring network consists of nine
sampling locations (Figure 4-9). Six locations characterize storm water either entering
(influent: ALPE, ALPO, ASS2, and GRNE) or exiting (effluent: ASW and WPDC) the
Livermore site. Sampling locations CDB and CDB2 are internal sites used by LLNL
staft, outside the requirements of the storm water permit, to characterize storm water
runoft quality entering the DRB; location CDBX characterizes water leaving the DRB.
LLNL collected samples at all nine locations on February 2, February 26, and
October 26, 2004.

As required by WDR 95-174, grab samples were also collected and analyzed for acute
and chronic toxicity using fathead minnows ( Pimephales promelas) as the test species. In
the acute test, 96-hour survival is observed in undiluted storm water collected from
location WPDC.
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Radiological Monitoring Results

Storm water sampling and analysis were performed for gross alpha, gross beta, pluto-
nium, and tritium. Storm water gross alpha, gross beta, and tritium results are summa-
rized in Table 4-9. (Complete analytical results are included in the file “Ch4 Storm

Table 4-9. Statistics on radioactivity in storm water from
the Livermore site, 2004

Parameters Tritium Gross Alpha  Gross Beta
(Ba/L) (Ba/L) (Ba/L)

MCL 740 0.555 1.85
Influent

Median 0.23 0.060 0.205

Minimum -0.33 0.022 0.088

Maximum 1.4 0.700 1.2
Effluent

Median 1.3 0.062 0.135

Minimum -1.5 0.014 0.099

Maximum 4.1 0.130 0.460

a See Chapter 8 for an explanation of calculated values.

Water” provided on the report CD.) Tritium activities at site effluent sampling locations
were less than 1% of the MCL. Gross alpha and gross beta radioactivity in the storm
water samples collected during 2004 were generally low, with medians around back-
ground levels. Gross alpha and gross beta activities exceeded LLNL-specific comparison
criteria on February 2, 2004, at influent location ALPO. Activities in samples collected at
this location are due to upstream discharges. As radioactive constituents are more likely
to be associated with sediments, this result is not an indicator of unusual water quality.

LLNL began analyzing for plutonium in storm water in 1998. Samples from the Arroyo
Seco and the Arroyo Las Positas effluent locations (ASW and WPDC) are analyzed. In
2004, there were no plutonium results above the detection limit of 0.0037 Bq/L

(0.10 pCi/L).

Nonradiological Monitoring Results

In addition to radioactivity, storm water was analyzed for other water quality parameters.
Sample results were compared with the comparison criteria in Table 4-8. Of interest are
the constituents that exceed comparison criteria at effluent points and whose concentra-
tions are lower in influent than in effluent. If influent concentrations are higher than
effluent concentrations, the source is generally assumed to be unrelated to LLNL
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operations and LLNL conducts no further investigation. (Complete analytical results are
included in the file “Ch4 Storm Water” provided on the report CD.) Constituents that
exceeded comparison criteria for effluent and/or influent locations are listed in

Table 4-10. Many of the values above threshold comparison criteria for the Livermore
site were found at influent tributaries to Arroyo Las Positas. For instance, all diuron
concentrations above threshold limits are at influent locations east of the Livermore site
as has occurred in past years and have been explained in Campbell et al. (2004 ). For
most of the data that exceeded LLNL thresholds, the effluent results were either lower
than or approximately equal to influent results, indicating that the LLNL activities had
no impact. Exceptions to this include copper at ASW on February 2 and zinc at WPDC
on February 2 and February 25. Upstream activities near the Livermore site that may
explain the influent water quality include a small vineyard and cattle ranching that are
potential sources for suspended sediment, nitrogen (including nitrate), and diuron and
bromacil (herbicides) with their attendant effect on chemical oxygen demand. Other
metals detected are likely associated with elevated suspended sediment loading. LLNL
will continue to examine copper and zinc concentrations in storm water runoff to deter-
mine if further action is necessary.

LLNL conducted both acute and chronic fish toxicity analyses on storm water samples
collected on October 26 from effluent location WPDC in order to catch the first flush of
runoft that occurs at the beginning of the wet season. WDR 95-174 states that an
acceptable survival rate for the toxicity monitoring is 20% lower than a control sample.
The testing laboratory provides water for the control sample, which consists of EPA
synthetic moderately-hard water. Thus, a difference of more than 20% between location
WPDC and the control sample with the lowest survival rate is considered a failed test. If
the test is failed, the permit requires LLNL to conduct toxicity testing during the next
significant storm event. After failing two consecutive tests, LLNL must perform a
toxicity reduction evaluation to identify the source of the toxicity. During 2004, survival
in the acute test at WPDC was 95%, while the control sample survival rate was 100%
(Table 4-11). Chronic toxicity tests using the fathead minnows exposed to different
concentrations of the storm water for seven days also found no significant toxicity. The
results show that LLNL’s effluent water sample shows no toxicity, either acute or
chronic, to the fathead minnows.

Site 300

Surface water at Site 300 consists of seasonal runoff, springs, and natural and man-made
ponds. The primary waterway in the Site 300 area is Corral Hollow Creek, an ephemeral
stream that borders the site to the south and southeast. No natural continuously flowing
streams are present in the Site 300 area. Elk Ravine is the major drainage for most of Site
300; it extends from the northwest portion of the site to the east—central area. Elk
Ravine drains the center of the site into Corral Hollow Creek, which drains eastward
toward the San Joaquin River Basin. Some smaller canyons in the northeast portion of
the site drain to the north and east toward Tracy.
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Table 4-10. Water quality parameters in storm water runoff above LLNL-specific threshold
comparison criteria, Livermore site in 2004

Parameter Date Location Influent, Effluent, Result LL!\IL !hreshold
or Internal(@ (mg/L) criteria (mg/L)
Nonradioactive (mg/L)
Total suspended solids 2/2 ALPO Influent 1900 750
Chemical oxygen demand 2/2 ALPO Influent 230 200
Beryllium 2/2 ALPO Influent 0.0018 0.0016
Copper 2/2 ASW Effluent 0.017 0.013
2/2 ALPE Influent 0.023 0.013
2/2 ALPO Influent 0.069 0.013
2/2 CDB Internal 0.018 0.013
2/2 ACB2 Internal 0.020 0.013
2/2 WPDC Effluent 0.030 0.013
2/25 ALPE Influent 0.022 0.013
2/25 ALPO Influent 0.021 0.013
2/25 CDB Internal 0.013 0.013
2/25 CDB2 Internal 0.014 0.013
2/25 WPDC Effluent 0.013 0.013
Diuron 10/26 ALPE Influent 0.043 0.016
10/26 CDBX Internal 0.052 0.016
Lead 2/2 ALPO Influent 0.025 0.015
2/2 WPDC Effluent 0.016 0.015
Mercury 2/25 CDB Internal 0.00021 0.0002
Nitrate (as NO3) 10/26 ALPE Influent 11.5 10
10/26 GRNE Influent 18.4 10
Zinc 2/2 WPDC Effluent 0.63 0.35
2/25 WPDC Effluent 0.35 0.35
Radioactive (Bq/L)
Gross alpha 2/2 ALPO Influent 0.703 = 0.26 0.34
Gross beta 2/2 ALPO Influent 1.17 £ 0.26 0.48

a Internal sites are located on site and discharge into the arroyos. Samples from internal sites provide additional data on
storm water constituents at the Livermore site. However, because the analyses from these sampling locations are not
permit driven, the data were not reported in the annual monitoring report (Brown 2004a).

There are at least 23 springs at Site 300. Nineteen are perennial, and four are intermit-
tent. Most of the springs have very low flow rates and are recognized only by small
marshy areas, pools of water, or vegetation. Several artificial surface water bodies at
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Table 4-11. Chronic toxicity test results for
fish (fathead minnow) assay from location
WPDC, Livermore site, October 26, 2004

Storm water percent Average percent
solution survival

Lab Control 100
12.5 100
25 100
50 100
75 90l
100 95

a Two of the four replicates tested at this concentration were
affected by a contaminant pathogen unrelated to the storm
water sample, as identified by the analytical laboratory.
Correcting for these results, average survival would be
95%.

Site 300 are in fact wastewater treatment units discussed above. Three wetlands created
by now-discontinued flows from cooling towers located at Buildings 827, 851, and 865
were maintained in 2004 by discharges of potable water.

In 2004, storm water runoff was characterized at six sampling locations that could be
aftected by specific Site 300 activities. In addition, off-site location CARW is used to
characterize Corral Hollow Creek upstream and, therefore, is unaffected by Site 300
industrial storm water discharges. Prior to the beginning of the rainy season 2004-2005,
the off-site location CARW was moved to the east to location CARW2, and on-site loca-
tion NLIN was moved up stream, to the northwest, in Elk Ravine for easier access for
sampling technologists to location NLIN2. (Off-site location CARW and on-site loca-
tion NLIN have been discontinued as of the rainy season 2004-2005.) Off-site location
GEOCRK is used to characterize Corral Hollow Creek downstream of Site 300. These
locations are shown in Figure 4-10.

The Site 300 storm water permit specifies sampling a minimum of two storms per rainy
season. Typically, a single storm does not produce runotf at all Site 300 locations because
Site 300 receives relatively little rainfall and is largely undeveloped with few paved areas.
Therefore, at many locations, a series of large storms is required to saturate the ground
before runoft can occur. At some of the sampling locations in some years, there is not
enough rain to generate runoff over an entire rainy season. On February 2, storm water
samples were collected and analyzed from location N883. A major storm on February 25
generated runoff everywhere, and storm water samples were collected from the
remaining three locations that flowed then. The next major storm sampled was on
October 19.
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Figure 4-10. Storm water and rainwater sampling locations at Site 300, 2004
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Radiological Monitoring Results

Storm water sampling and analysis was performed for gross alpha and gross beta radioac-
tivities, uranium isotopes, and tritium, and results were compared with the comparison
criteria in Table 4-8. (Complete analytical results are included in the file “Ch4 Storm
Water” provided on the report CD.) Concentrations of gross alpha or beta radioactivi-
ties exceeding Site 300’s threshold concentrations are reported in Table 4-12. Tritium
activities at all sampled locations were less than 1% of the MCL and less than Site 300’s
threshold concentration. Gross alpha and gross beta radioactivity in the storm water
samples collected from effluent location NLIN on February 25 and those collected from
upstream location CARW2 on October 19 exceeded LLNL’s site-specific criteria. Both
of those samples were associated with higher than normal TSS concentrations. Previous
environmental sampling has shown that suspended sediments from this area contain
significant quantities of naturally occurring uranium and its daughter decay products that
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Table 4-12. Water quality parameters in storm water runoff above LLNL-specific threshold comparison
criteria, Site 300, 2004

Parameter Date Location Upsiream or Result Thrfash‘o L
Effluent, criteria
Nonradioactive (mg/L)

Total suspended solids | 2/25 NLIN Effluent 4400 1700

Beryllium!(®) 10/19 CARW2 Upstream 0.0026 0.0016

Lead(@ 10/19 CARW2 Upstream 0.037 0.030

Radioactive (Bq/L)

Gross alpha® 2/25 NLIN Effluent 1.5 0.90
10/19 CARW2 Upstream 1.2 0.90

Gross beta(®) 2/25 NLIN Effluent 2.6 1.73
10/19 CARW2 Upstream 2.1 1.73

a Total metals including particulates

b Total radiation including particulates

account for the elevated gross alpha and beta radioactivity. No concentration of gross
alpha or gross beta radioactivity measured in downstream location GEOCRK exceeded
the site-specific threshold concentrations.

Nonradiological Monitoring Results

Site 300 storm water samples were analyzed for nonradiological water quality parame-
ters, and sample results were compared with the comparison criteria in Table 4-8. Of
most interest would be the constituents that exceed comparison criteria at GEOCRK,
the downstream location, and whose concentrations are lower in influent than at location
GEOCRK. During 2004 no constituent concentrations exceeded comparison criteria at
GEOCRK. Constituents that exceeded comparison criteria for effluent and upstream
locations are listed in Table 4-12. Concentrations of TSS in a storm water sample
collected from location NLIN on February 25 reached 4400 mg/L, greater than the
Site 300 threshold value of 1700 mg/L. High TSS concentrations are not unusual in
large storms generating runoff in Elk Ravine. Concentrations of beryllium (2.6 ng/L)
and lead (37 pg/L) in storm water samples collected from upstream location CARW2
on October 19 exceeded their site-specific criteria for those metals. Although the TSS
associated with the October 19 sample (1100 mg/L) was less than the site-specific
criteria, it is likely that the metals concentrations are associated with particulates carried
in the storm water runoff. (Complete analytical results are included in the file “Ch4
Storm Water” provided on the report CD.)

Because of a Comprehensive Environmental Response Compensation Liability Act
(CERCLA) remedial investigation finding of past releases of dioxins and polychlorinated
biphenyls (PCBs) related to activities in the vicinity of Building 850, analysis for these
compounds was conducted on runoft samples collected on February 25 from location
NLIN and on October 19 from location NLIN2, the storm water sampling location
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downstream from Building 850. It was also conducted for downstream off-site location
GEOCRK. The intent of the sampling was to determine whether these constituents are
being released down Elk Ravine and, eventually, oft site in storm water runoff.
(Complete analytical results are included in the file “Ch4 Storm Water” provided on the
report CD.) No PCBs were detected in those samples. All dioxins detected were below
the equivalent federal MCL of 30 pg/L.

The federal MCL for dioxin is for the congener 2,3,7,8-TCDD, the most toxic dioxin.
The other dioxin congeners reported have varying degrees of toxicity. EPA has assigned
toxicity equivalency factors (TEFs) to specific dioxin congeners. 2,3,7,8-TCDD is
assigned a TEF of 1; the other dioxin congeners have TEFs less than 1. The toxicity
equivalency (TEQ) is determined by multiplying the concentration of a dioxin congener
by its TEF. Table 4-13 shows the concentrations of dioxin compounds that were
detected at locations NLIN2 and GEOCRK in those samples along with their TEQs.
These values are well below the concentrations of similar dioxins measured in 2002 (see
LLNL Site 300 Annual Storm Water Monitoring Report for Waste Discharge Require-
ments 97-03-DWQ Annual Report 2002-2003 [Sanchez 2003]). LLNL will continue to
monitor storm water concentrations to determine if any trends are developing.

Table 4-13. Total toxicity equivalents of dioxin congeners in storm water
runoff (pg/L) at Site 300, October 19, 2004

NLIN2 GEOCRK

gixiglagensy concentration TEQ) concentration TEQ®)
1,2,3,4,6,7,8-HpCDD 13 0.13 54 0.54
Total-HpCDD 25 0.00 93 0.00
Total-OCDD 120 0.12 390 0.39

a Toxicity Equivalents compared to 2,3,7,8-TCDD

Environmental Impact of Storm Water

Storm water runoff from the Livermore site did not have any apparent environmental
impacts in 2004. Tritium activities in storm water runoff effluent were less than 1% of the
drinking water MCL. Gross alpha and gross beta activities in effluent samples were both
less than 25% of their respective MCLs. The fish toxicity tests showed no discernible
toxicity in Livermore site storm water runoft. Site 300 storm water runoft monitoring
continues to show that contaminants may be transported as part of suspended sediments,
but not at concentrations harmful to humans or the environment.
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GROUNDWATER

Groundwater monitoring affirms LLNL’s commitment to protect the environment.
LLNL conducts surveillance monitoring of groundwater in the Livermore Valley and at
Site 300 in the Altamont Hills through networks of wells and springs that include private
wells oft site and DOE CERCLA wells on site.

The groundwaters of the two monitored areas are not connected; they are separated by a
major drainage divide and numerous faults. The Livermore site in the Livermore Valley
drains to the San Francisco Bay via Alameda Creek. Most of Site 300 drains to the San
Joaquin River Basin via Corral Hollow Creek, with a small undeveloped portion in the
north draining to the north and east onto grazing land.

To maintain a comprehensive, cost-effective monitoring program, LLNL determines the
number and locations of surveillance wells, the analytes to be monitored, the frequency
of sampling, and the analytical methods to be used. A wide range of analytes is moni-
tored to assess the impact, if any, of current LLNL operations on local groundwater
resources. Because surveillance monitoring is geared to detecting substances at very low
concentrations in groundwater, contamination can be detected before it significantly
impacts groundwater resources. Wells at the Livermore site, in the Livermore Valley, and
at Site 300 in the Altamont Hills are included in LLNL’s surveillance monitoring plan.

Historically, the surveillance and compliance monitoring programs have detected higher
than natural background concentrations of various metals, nitrate, perchlorate, and
depleted uranium (uranium-238) in groundwater at Site 300. Subsequent CERCLA
studies have linked several of these contaminants, including uranium-238, to past opera-
tions, while the sources of other contaminants, such as nitrate and perchlorate, are the
objects of continuing study.

Beginning in January 2003, LLNL implemented a new CERCLA comprehensive
compliance monitoring plan at Site 300 (Ferry et al. 2002) that adequately covers the
DOE requirements for on-site groundwater surveillance; LLNL monitoring related to
CERCLA activities is described in Chapter 7. Additional monitoring programs at

Site 300 comply with numerous federal and state controls such as state-issued permits
associated with closed landfills containing solid wastes and with continuing discharges of
liquid waste to surface impoundments, sewage ponds, and percolation pits, the latter
discussed previously in this chapter. Compliance monitoring is specified in WDRs issued
by the CVRWQCB and in landfill closure and post-closure monitoring plans. (See
Table 2-2 for a summary of LLNL permits. )

The WDRs and post-closure plans specify wells and effluents to be monitored, COCs
and parameters to be measured, frequency of measurement, inspections to be conducted,
and the frequency and form of required reports. These monitoring programs include
quarterly and semiannual monitoring of groundwater, monitoring of various influent
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waste streams, and visual inspections. LLNL performs the maintenance necessary to
ensure the physical integrity of closed facilities, such as those that have undergone
CERCLA or RCRA closure, and their monitoring networks. As described in a previous
section, LLNL conducts additional operational monitoring of wastewater etfluents
discharged to surface impoundments and sewage evaporation and percolation ponds to
comply with WDRs. Quarterly and annual written reports of analytical results, inspection
findings, and maintenance activities are required for each compliance monitoring
network.

Typically, because they are both accurate and sensitive, analytical methods approved by
EPA are used to measure dissolved constituents in water. Appendix A lists the analytical
methods and reporting limits that are used to detect organic and inorganic constituents
in groundwater (including specific radioisotopes analyzed by alpha spectroscopy and
other sensitive methods). The listed methods are not all used for samples from each
groundwater monitoring location. Rather, for cost effectiveness, only those contami-
nants that have been detected historically or that might result from continuing LLNL
operations are monitored at each groundwater sampling location. However, present-day
administrative, engineering, and maintenance controls at both LLNL sites are specifically
tailored to prevent releases of potential contaminants to the environment.

During 2004, representative samples of groundwater were obtained from monitoring
wells in accordance with the LLNL Livermore Site and Site 300 Environmental
Restoration Project Standard Operating Procedures (SOPs) (Goodrich and Depue
2003). These protocols cover sampling techniques and specific information concerning
the chemicals that are routinely analyzed for in groundwater. Different sampling tech-
niques were applied to different wells depending on whether they were fitted with
submersible pumps, or had to be bailed. All of the chemical and radioactivity analyses of
groundwater samples were performed by California-certified analytical laboratories. For
comparison purposes only, some of the results are compared with drinking water limits
(MClLs); however, the MCLs do not apply as regulatory limits to any of these
groundwaters.

Livermore Site and Environs
Livermore Valley

LLNL has monitored tritium in water hydrologically downgradient of the Livermore site
since 1988. Tritiated water (HTO) is potentially the most mobile groundwater contami-
nant from LLNL. Rain and storm water runoff in the Livermore Valley, which recharge
local aquifers, contain small amounts of HTO from natural sources, past worldwide
atmospheric nuclear weapons tests, and atmospheric emissions from LLNL. (See
Chapters 3 and 6 for further discussion of air emissions, and other parts of this chapter
for further discussion of rain and storm water runoft.)
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Groundwater is recharged at the Livermore site, primarily from arroyos by rainfall.
Groundwater flow beneath the Livermore site is generally southwestward. An overview
of groundwater flow is provided in Chapter 1 and is discussed in detail in the CERCLA
Remedinl Investigation Report for the LLNL Livermore Site (Thorpe et al. 1990) and in
the LLNL Ground Water Project 2004 Annual Report (Karachewski et al. 2005).

Groundwater samples were obtained during 2004 from 23 of 25 water wells in the
Livermore Valley (see Figure 4-11) and measured for tritium activity. Two wells were
either dry or could not be sampled during 2004.
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Figure 4-11. Locations of off-site tritium monitoring wells in the Livermore Valley, 2004

Tritium measurements of Livermore Valley groundwaters are contained in the file “Ch4
LV Groundwater” provided on the report CD. They continue to show very low and
decreasing activities compared with the 740 Bq/L (20,000 pCi/L) MCL established for
drinking water in California. The maximum tritium activity measured off site was in the
groundwater at well 12D2, located about 11 km west of LLNL (see Figure 4-11). The
measured activity there was 5.4 Bq/L (150 pCi/L) in 2004, less than 1% of the MCL.
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Livermore Site Perimeter

LLNL designed a surveillance monitoring program to complement the Livermore Site
GWP (discussed in Chapter 7). The intent of the surveillance monitoring network is to
monitor for potential groundwater contamination from continuing LLNL operations.
The perimeter portion of this surveillance groundwater monitoring network makes use
of three upgradient (background) monitoring wells (wells W-008, W-221, and W-017)
near the eastern boundary of the site and seven (downgradient) monitoring wells located
near the western boundary (wells 14B1, W-121, W-151, W-1012, W-571, W-556, and
W-373) (see Figure 4-12). These seven wells, located in the regions of groundwater
Treatment Facilities (TF) A, B, and C (see Figure 7-2) are located at or beyond the
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Figure 4-12. Locations of routine surveillance groundwater monitoring wells at the Livermore
site, 2004
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hydrologically downgradient boundary of the Livermore site. The western perimeter
wells are screened (depth range from which groundwater is drawn) in the uppermost
aquifers near the areas where groundwater is being remediated. As discussed in

Chapter 7, the alluvial sediments have been divided into nine hydrostratigraphic units
(HSUs) dipping gently westward, which are shown in Figure 7-1. Screened intervals for
these monitoring wells range from the shallow HSU 1B, in which some of the western
monitoring wells are screened, to the deeper HSU 5, in which background well W-017
and some wells around Buildings 514 and 612 are screened.

Two of the background wells, W-008 and W-221, are screened partially in HSU 3A; well
W-017 is considered a background well for the deeper HSU 5. These background wells
were sampled and analyzed in 2004 for pesticide and herbicide compounds that are used
on site and off site, for nitrate, for hexavalent chromium (chromium(VI)), and for
certain radioactive constituents including plutonium.

To detect contaminants as soon as possible, the seven western downgradient wells
(except for well 14B1) are screened in shallower HSUs 1B and 2, the uppermost water-
bearing HSUs at the western perimeter. (Because it was originally a production well, well
14B1 is screened over a depth range that includes HSUs 2, 3A, and 3B.) These wells
were sampled and analyzed at least once during this reporting period for pesticides,
herbicides, radioactive constituents, nitrate, and chromium(VI).

Analytical results for the Livermore site background wells and perimeter wells are
contained in the file “Ch4 LV Groundwater” provided on the report CD. No pesticide
or herbicide organic compounds were detected above analytical reporting limits in the
groundwater during 2004. The inorganic compounds detected include dissolved trace
metals and minerals, which occur naturally in the groundwater at variable concentra-
tions. The concentrations detected in the groundwater samples from the background
wells represent background values for 2004, although there have been variations in the
concentrations since regular surveillance monitoring began in 1996.

Since 1996 concentrations of nitrate detected in groundwater samples from downgra-
dient well W-1012 have been greater than the MCL of 45 mg/L. The nitrate concentra-
tions detected in samples from this well during 2004 were reported at 61 and 45 mg/L;
somewhat less than the values of 62 and 68 mg/L observed in 2003. Because of the
hydrologic influence of TFB that pumps and treats groundwater from HSUs 1B and 2,
groundwater with high nitrate concentrations is restrained from moving oft site to the
west. The highest concentrations measured in the downgradient off-site wells (screened
in these HSUs) were below the MCL: 39 mg/L in monitoring well W-151 and

36 mg/L in monitoring well W-571. During 2004, concentrations of nitrate in on-site
shallow background wells W-008 and W-221 ranged from 23 mg/L to 28 mg/L.
Detected concentrations of nitrate in western perimeter wells, with the exception of well
W-1012, ranged from 13 mg/L (in well W-373) to 39 mg/L (in well W-151).

Nitrate concentrations were also analyzed in groundwater samples collected from seven
additional monitoring wells located nearby well W-1012 (Figure 4-12), similarly
screened in HSUs 1B and 2. Again, other than well W-1012, no groundwater sample
had a nitrate concentration greater than the MCL. Fluctuations in nitrate concentrations
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have occurred since regular surveillance monitoring began in 1996, but nitrate concen-
trations have not increased overall in groundwater from the western perimeter moni-
toring wells since 1996. The nitrate may originate as an agricultural residue (Thorpe

et al. 1990).

Livermore Site

Groundwater sampling locations within the Livermore site include areas where releases
to the ground may have occurred in the recent past, where previously detected COCs
have low concentrations that do not require CERCLA remedial action, and where base-
line information needs to be gathered for the area near a new facility or operation. Wells
selected for monitoring are screened in the uppermost aquifers, and are situated down-
gradient from and as near as possible to the potential release locations. Well locations are
shown in Figure 4-12. All analytical results are included in the file “Ch4 LV Ground-
water” provided on the report CD.

The Taxi Strip and the East Traffic Circle Landfill areas within the Livermore site are two
historic potential sources of groundwater contamination. Samples from monitoring wells
screened in HSUs 2 (W-204) and 3A (W-363) downgradient from the Taxi Strip Area
were analyzed in 2004 for copper, lead, zinc, americium-241, plutonium-238, pluto-
nium-239, radium-226, radium-228, and tritium. Samples from monitoring wells
screened at least partially in HSU 2 (W-119, W-906, W-1303, W-1306, and W-1308)
within and downgradient from the East Tratfic Circle Landfill were analyzed for the same
elements as in the Taxi Strip Area. Plutonium-238 and plutonium-239+240 were
reported above minimum detectable activities in one sample, collected in March 2004,
from well W-1303. Retests of this well in September 2004 and February 2005 failed to
confirm this detection. No other concentrations of plutonium or americium radioiso-
topes were detected above the radiological laboratory’s minimum detectable activities.
Concentrations of tritium and radium isotopes remain well below drinking water MCLs.

Of the trace metals (copper, lead, and zinc), only zinc was detected in any of these moni-
toring wells during 2004. The maximum zinc concentration reported (40 ng/L in well
W-204) is more than two orders of magnitude below the secondary MCL for zinc in
drinking water (5 mg/L).

Although the National Ignition Facility (NIF) has not yet begun full operations, LLNL
obtains a baseline of groundwater quality prior to start of operations. During 2004,
tritium analyses were conducted on groundwater samples collected from wells W-653
and W-1207 (screened in HSUs 3A and 2, respectively) downgradient of NIF. Another
new facility where groundwater baseline information is being acquired is the Decontam-
ination and Waste Treatment Facility (DWTF) in the northeastern portion of LLNL.
Samples were obtained downgradient from this facility from wells W-007, W-593
(screened in HSU 3A), and W-594 during 2004 and were also analyzed for tritium.
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Monitoring results from the wells near NIF and DWTF show no detectable concentra-
tions of tritium present, above the limit of sensitivity of the analytical method, in the
groundwater samples collected during 2004. Monitoring will continue near these facili-
ties to determine baseline conditions.

The old hazardous waste /mixed waste storage facilities around Area 514 and

Building 612 are also a potential source of contamination. They are monitored by wells
W-270 and W-359 (screened in HSU 5), and well GSW-011 (screened in HSU 3A).
Groundwater from these wells was sampled and analyzed for general minerals, gross
alpha, gross beta, americium-241, plutonium-238, plutonium-239, radium-226, and
tritium in 2004. No significant contamination was detected in the groundwater samples
collected from wells W-270, W-359, or GSW-011 downgradient from this area in 2004.

Groundwater samples were obtained downgradient from areas where releases of metals
to the ground have occurred. Samples were obtained from monitoring well W-307
(screened in HSU 1B), downgradient from a fume hood vent on the roof of

Building 322, a metal plating shop. Soil samples obtained from the area show elevated
concentrations (in comparison with Livermore site’s background levels) of total chro-

mium, copper, lead, nickel, zinc, and occasionally other metals. LLNL removed contam-

inated soils near Building 322 in 1999 and replaced them with clean fill. The area was
then paved over, making it less likely that metals will migrate from the site.

Groundwater samples were obtained downgradient from a location where sediments
containing metals (including cadmium, copper, lead, mercury, and zinc) had accumu-
lated in a storm water catch basin near Building 253 (Jackson 1997). In 2004, the
samples obtained from monitoring wells W-226 and W-306 (screened in HSUs 1B and
2, respectively) contained dissolved chromium at elevated concentrations. Concentra-
tions of chromium(VI) were measured as 23 ng/L at well W-226 and 38 pg/L at well
W-306. The accumulated sediment in the catch basin is a potential source of several
metals (Jackson 1997). No concentration of either dissolved chromium or chro-
mium(VI) was greater than the MCL of 50 ng/L for total chromium in drinking water.

Additional surveillance groundwater sampling locations, established in 1999, surround
the area of the Plutonium Facility (Building 332) and the Tritium Facility (Building 331)
(see Figure 4-12). Possible contaminants include plutonium and tritium from these
respective facilities. Plutonium is much more likely to bind to the soils than migrate into
the groundwater. Tritium, as HTO, could migrate into groundwater if spilled in suffi-
cient quantities. Upgradient of these facilities, well W-305 is screened in HSU 2; down-
gradient wells W-101, W-147, and W-148 are screened in HSU 1B; and well W-301 is
screened in HSU 2. Groundwater samples collected from these wells during 2004
showed no detectable concentration, above the limit of sensitivity for the analytical
method, of either plutonium-238 or plutonium-239.

In August 2000, relatively elevated tritium activity was measured in the groundwater
sampled at well W-148 (115 £ 5.0 Bq/L [3100 = 135 pCi/L]) that was concluded to be
most likely related to local infiltration of storm water containing elevated tritium activity.
Tritium activities in groundwater of this area have been cyclic since that time. LLNL
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continues to collect groundwater samples from these wells periodically for surveillance
purposes, primarily to demonstrate that tritium and plutonium contents remain below
environmental levels of concern.

Site 300 and Environs

For surveillance and compliance groundwater monitoring at Site 300, LLNL uses DOE
CERCLA wells and springs on site and private wells and springs off site. Representative
groundwater samples are obtained at least once per year at every monitoring location;
they are routinely measured for various elements (primarily metals), a wide range of
organic compounds, general radioactivity (gross alpha and gross beta), uranium activity,
and tritium activity.

Figure 4-13 shows the locations of numerous wells and three springs at or near Site 300
that are used for groundwater surveillance monitoring. The locations of compliance
monitoring wells are shown in Figures 4-14, 4-15, 4-16, and 4-17. Groundwater
from the shallowest water-bearing zone is the target of most of the monitoring because it
would be the first to show contamination from LLNL surface or sub-surface operations
at Site 300.

Twelve groundwater monitoring locations are oft site. Two are springs, identified as
MUL2 and VIE1, which are located near the northern boundary of Site 300. Off-site
surveillance well VIE2 is located 6 km west of Site 300 in the upper reaches of the
Livermore Valley watershed. Eight off-site surveillance locations are wells located near
the southern boundary of Site 300 in or adjacent to the Corral Hollow Creek floodplain.

On-site wells, installed primarily for CERCLA site-characterization studies, continue to
be used to monitor closed landfills, a former open-air high explosives (HE) burn pit, two
connected surface water impoundments, and two connected sewer ponds

(Figure 4-13). The closed landfills—identified as Pit 1, Pit 2, Pit 7 Complex, Pit 8, and
Pit 9—are located in the northern portion of Site 300 in the Elk Ravine drainage area,
while Pit 6, the former burn pit, the two process water impoundments, and the sewage
ponds are located in the southern portion of Site 300 in the Corral Hollow Creek
drainage area. Two on-site water supply wells, identified as wells 18 and 20, are also used
for surveillance monitoring purposes. Well 20 provides potable water to the site. Well 18
is maintained as a standby potable supply well.

Briet descriptions of the Site 300 groundwater monitoring networks that are reported in
this chapter are given below. Networks of wells within the Elk Ravine drainage area are
described first, followed by the well networks in the Corral Hollow Creek drainage area.
Subsets of CERCLA wells, installed mainly for site characterization, have been selected
for compliance and surveillance monitoring use based on their locations and our general
understanding of local geologic and hydrogeologic conditions at Site 300. (Chapter 7
includes a summary of Site 300 stratigraphy and hydrogeology. All analytical data from
2004 are included in the file “Ch4 S300 Groundwater” provided on the report CD.)
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Figure 4-13. Locations of surveillance groundwater wells and springs at Site 300, 2004

Elk Ravine Drainage Area

The Elk Ravine drainage area, a branch of the Corral Hollow Creek drainage system,
includes most of northern Site 300 (see Figure 4-13). Storm water runoff in the Elk
Ravine drainage area collects in arroyos and quickly infiltrates into the ground. Ground-
water from wells in the Elk Ravine drainage area is monitored for COCs because of the
system of surface and underground flows that connects the entire Elk Ravine drainage
area. The area contains eight closed landfills known as Pits 1 through 5 and 7 through 9
and firing tables where explosives tests are conducted. None of the closed landfills has a
liner, which is consistent with disposal practices in the past when the landfills were
constructed. The following descriptions of monitoring networks within Elk Ravine begin
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Figure 4-15. Locations of Pit 1 compliance
groundwater monitoring wells, 2004

with the headwaters area and proceed downstream. (See Chapter 7 for a review of
groundwater contamination in this drainage area as determined from numerous

CERCLA remedial investigations.)

Pit 7 Complex

Monitoring requirements for the Pit 7 landfill, which was closed under the Resource

Conservation and Recovery Act (RCRA) in 1993, are specified in WDR 93-100 admin-
istered by the CVRWQCB (1993 and 1998) and in LLNL Site 300 RCRA Closure and
Post-Closure Plans—Landfill Pits 1 and 7 (Rogers/Pacific Corporation 1990). The main
objective of this monitoring is the early detection of any new release of COCs from Pit 7

to groundwater.

The Pit 7 Complex area is located at an elevation of about 400 m in the most elevated
portion of the Elk Ravine drainage area. The complex consists of four adjacent landfills
identified as Pits 3, 4, 5, and 7 (see Figure 4-14). From 1963 to 1988, the landfills
received waste gravels and debris from hydrodynamic tests of explosive devices
conducted on firing tables at Site 300. The gravels contained concrete, cable, plastic,
wood, tritium, uranium-238, beryllium, lead, and other metals in trace amounts. In
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Figure 4-16. Locations of Pit 6 compliance groundwater monitoring wells and springs, 2004

1988, 9440 m? of gravel were removed from six firing tables at Site 300 and placed in
Pit 7 (Lamarre and Taffet 1989). These were the last solid wastes to be placed in any
landfill at Site 300.

As planned for compliance purposes, LLNL obtained groundwater samples quarterly
during 2004 from the Pit 7 monitoring well network. Samples were analyzed for inor-
ganic COCs (mostly metallic elements), general radioactivity (gross alpha and beta),
activity of certain radioisotopes (tritium, radium, uranium, and thorium), explosive
compounds (HMX and RDX), and volatile organic compounds (VOCs). Field measure-
ments of groundwater depth, temperature, pH, and specific conductance were obtained
at each well at the time of sample collection.

No new release of COCs to groundwater from Pit 7 is evident in the chemical data
obtained during 2004. The COCs detected in groundwater include several metals,
depleted uranium, tritium, and several VOCs. These are associated with releases that
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occurred prior to 2004. The primary sources of COCs detected by the network of Pit 7
monitoring wells are the closed landfills known as Pits 3 and 5, which are adjacent to
Pit 7 (Figure 4-14). Natural sources in the rocks and sediments surrounding Pit 7 also
have contributed arsenic, barium, uranium, and, possibly nitrate to the groundwater. In
the past, especially during the El Nino winters of 1982 /1983 and 1997 /1998, excessive
seasonal rainfall caused groundwater levels to rise into Pit 3 and Pit 5 from beneath,
leading to the release of COCs, mainly tritium in the form of HTO. Because of reduced
rainfall since 1998, groundwater elevations have fallen generally at Site 300, thus
reducing the potential for releases to occur by this mechanism. CERCLA modeling
studies indicate that tritium and other COCs released in the past will not reach off-site
aquifers at concentrations above MCLs. See Chapter 7 for a review of CERCLA activities
regarding groundwater contamination in the upper reaches of the Elk Ravine drainage
area. For a detailed account of Pit 7 compliance monitoring during 2004, including
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tables and graphs of groundwater COC analytical data, see LLNL Experimental Test
Site 300 Compliance Monitoring Program for RCRA-Closed Landfill Pits 1 and 7,
Annual Report for 2004 (Campbell and MacQueen 2005).

Elk Ravine

Groundwater samples were obtained on five various dates in 2004 from the widespread
Elk Ravine surveillance monitoring network (see Figure 4-13). Samples were analyzed
for inorganic constituents (mostly metallic elements), VOCs, general radioactivity (gross

alpha and beta), tritium and uranium activity, and explosive compounds (HMX and
RDX).

No new release of COCs from LLNL operations in Elk Ravine to groundwater is indi-
cated by the chemical and radioactivity data obtained during 2004. The major source of
contaminated groundwater beneath Elk Ravine is from historical operations in the
Building 850 firing table area (Webster-Scholten 1994; Taffet et al. 1996). Constituent
measurements for the Elk Ravine drainage area surveillance monitoring network are
listed in Appendix A.

Concentrations of arsenic range up to 46 ng/L (well NC2-07) in Elk Ravine monitoring
wells. Earlier CERCLA characterization studies determined that the arsenic is from
natural sources, particularly from the dissolution of the mineral arsenopyrite, which is a
component of the underlying volcanogenic sediments and sedimentary rocks (Raber and
Carpenter 1983). It should be noted that there are no wells in this area that are used for
potable domestic, livestock, or industrial water supply. However, a perennial spring in
Elk Ravine (location 812CRK on Figure 4-13), which is used by the indigenous wildlife
there, contains concentrations of naturally occurring arsenic (29 pg/L arsenic in 2004).

Tritium activity was relatively elevated above background in many of the shallow
groundwater surveillance samples obtained during 2004 from Elk Ravine. Tritium, as
HTO, has been released in the past in the vicinity of Building 850. The largest HTO
plume, which extends eastward more than a kilometer from a source beneath the
Building 850 firing table area to the vicinity of Pits 1 and 2, is confined to shallow depths
in the Neroly lower blue sandstone unit and overlying alluvium.

The majority of the Elk Ravine surveillance network tritium measurements made during
2004 support earlier CERCLA studies that show that the tritium in the plume is dimin-
ishing over time because of natural decay and dispersion (Ziagos and Reber-Cox 1998).
For example, tritium activity in groundwater at well NC7-61 has decreased from

6500 Bq/L (1.8 x 10° pCi/L) in 1996 to 1500 Bq/L (4.1 x 10* pCi/L) in 2004.
CERCLA modeling studies indicate that the tritium will decay to background levels
before it can reach a site boundary. Note that the tritium plume has not yet reached the
surveillance monitoring perennial spring location 812CRK, which is approximately one
mile upstream from where the Site 300 boundary crosses Elk Ravine.

Except in the immediate vicinity of Pit 7, groundwater surveillance measurements of
gross alpha, gross beta, and uranium radioactivity in Elk Ravine are all low and are indis-
tinguishable from background levels. (Note that gross beta measurements do not detect
the low-energy beta emission from tritium decay.) Additional detections of nonradioac-
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tive elements including arsenic, barium, chromium, selenium, vanadium, and zinc are all
within the natural ranges of concentrations typical of groundwater elsewhere in the
Altamont Hills.

Pit 1

Monitoring requirements for the Pit 1 landfill, which was closed under RCRA in 1993,
are also specified in WDR 93-100 administered by the CVRWQCB (1993 and 1998)
and in Rogers/Pacific Corporation (1990). The main objective of this monitoring is the
early detection of any release of COCs from Pit 1 to groundwater.

Pit 1 lies in the Elk Ravine drainage area about 330 m above sea level. The Pit 1 landfill
and the positions of the eight groundwater wells used to monitor it are shown in
Figure 4-15. The eight wells are K1-01C, K1-02B, K1-03, K1-04, K1-05, K1-07,
K1-08, and K1-09.

As planned for compliance purposes, LLNL obtained groundwater samples quarterly
during 2004 from the Pit 1 monitoring well network. Samples were analyzed for
inorganic COCs (mostly metallic elements), general radioactivity (gross alpha and beta),
activity of certain radioisotopes (tritium, radium, uranium, and thorium), explosive
compounds (HMX and RDX), and VOCs (EPA method 601). Every other quarter,
analyses were conducted for an additional seven elements. Additional annual analyses
were conducted on fourth-quarter samples for extractable organics (EPA method 625),
pesticides and PCBs (EPA method 608), and herbicides (EPA method 615). Field
measurements of groundwater depth, temperature, pH, and specific conductance were
obtained at each well at the time of quarterly sample collection.

No release of COCs to groundwater from Pit 1 is evident in the monitoring data
collected during 2004. A detailed account of Pit 1 compliance monitoring during 2004,
including tables and graphs of groundwater COC analytical data, is in LLNL Experi-
mental Test Site 300 Compliance Monitoring Program for RCRA-Closed Landfill Pits 1
and 7, Annual Report for 2004 (Campbell and MacQueen 2005).

During 2004, average tritium activities measured above background level (about 4 Bq/L
[100 pCi/L]) in the groundwater at Pit 1 monitoring wells K1-01C (21 Bq/L

[570 pCi/L]), K1-02B (150 Bq/L [4000 pCi/L]), K1-03 (27 Bq/L [730 pCi/L]),
and K1-08 (7.0 Bq/L [190 pCi/L]). The tritium activity in the groundwater sampled
at these wells represents a distal lobe of the Building 850 tritium plume. Measurements
of radium, thorium, and uranium made during 2004 in groundwater samples from Pit 1
compliance monitoring wells showed low activities indistinguishable from background
levels.

The VOC 1,1,2-trichloro-1,2,2-trifluoroethane (Freon 113) decreased from a maximum
concentration of 140 ng/L measured in 1999 to 41 ng/L in 2004 in groundwater at
Pit 1 monitoring wells K1-05 (13 ng/L), K1-08 (23 ng/L), and K1-09 (41 pg/L). The
drinking water MCL for this VOC is 1200 pg/L. Previous CERCLA investigations have
linked the Freon 113 detected in Pit 1 monitoring wells to past spills of Freon in the
Advanced Test Accelerator area, about 200 m northwest of the affected wells (Webster-
Scholten 1994; Taffet et al. 1996).
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Corral Hollow Creek Drainage Area

Pit 6

Compliance monitoring requirements for the closed Pit 6 landfill in the Corral Hollow
Creek drainage area are specified in the Post-Closure Plan for the Pit 6 Landfill Operable
Unit Lawrence Livermore National Laboratory Site 300 (Ferry et al. 1998) and in the
Compliance Monitoring Plan/Contingency Plan for Interim Remedies at Lawrence
Livermore National Laboratory Site 300 (Ferry et al. 2002). The closed Pit 6 landfill
covers an area of about 1 hectare (2.5 acres), at an elevation of approximately 215 m
above sea level. From 1964 to 1973, approximately 1500 m3 of solid wastes were buried
there in nine separate trenches. The trenches were not lined, consistent with historical
disposal practices. Three larger trenches contain 1300 m3 of solid waste that includes
empty drums, glove boxes, lumber, ducting, and capacitors. Six smaller trenches contain
230 m3 of biomedical waste, including animal carcasses and animal waste. During 1997,
a multilayered cap was constructed over all the trenches, and a storm water drainage
control system was installed around the cap. The cap and the drainage control system are
engineered to keep rainwater from contacting the buried waste (Ferry et al. 1998).

The Pit 6 disposal trenches were constructed in Quaternary terrace deposits (Qt) north
of the Corral Hollow Creek flood plain. Surface runoff from the pit area flows southward
to Corral Hollow Creek. The Carnegie-Corral Hollow Fault zone extends beneath the
southern third of Pit 6. The northern limit of the fault zone is shown in Figure 4-16.
Beneath the northern two-thirds of Pit 6, groundwater flows south-southeast, following
the inclination of the underlying sedimentary rocks. Groundwater seepage velocities are
less than 10 m/y. Depths to the water table range from 10 to 20 m. Beneath the
southern third of Pit 6, a trough containing terrace gravel within the fault zone provides
a channel for groundwater to flow southeast, parallel to the Site 300 boundary fence
(Webster-Scholten 1994).

Two Pit 6 groundwater monitoring programs, which operate under CERCLA, ensure
compliance with all regulations. They are (1) the Detection Monitoring Program
(DMP), designed to detect any new release of COCs to groundwater from wastes buried
in the Pit 6 landfill, and (2) the Corrective Action Monitoring Program (CAMP), which
monitors the movement and fate of historical releases. Figure 4-16 shows the locations
of Pit 6 and the wells used to monitor the groundwater there.

To comply with monitoring requirements, LLNL obtained groundwater samples
monthly, quarterly, semiannually, and annually during 2004 from specified Pit 6 moni-
toring wells. DMP samples were obtained quarterly and were analyzed for beryllium and
mercury, general radioactivity (gross alpha and beta), tritium and uranium activity, speci-
fied VOG:s, nitrate and perchlorate. CAMP samples were measured for VOCs, tritium
activity, nitrate and perchlorate. Field measurements of groundwater depth, temperature,
pH, and specific conductance were obtained at each well at the time of sample collection.

No new release of COCs from Pit 6 is indicated by the chemical analyses of groundwater

samples obtained from Pit 6 monitoring wells during 2004. COCs that were released
prior to constructing an impermeable cap over the closed landfill in 1997 continued to
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be detected in the groundwater at low concentrations during 2004. These COCs include
tritium, perchlorate, trichloroethylene (TCE), perchloroethylene (PCE), and
cis-1,2-dichloroethene (cis-1,2-DCE). All contaminant plumes associated with Pit 6 are
confined to shallow depths. None has been detected beyond the Site 300 boundary. For
a detailed account of Pit 6 compliance monitoring during 2004, including tables of
groundwater analytical data and map figures showing the distribution of COC plumes,
see LLNL Experimental Test Site 300 Compliance Monitoring Program for the CERCLA-
Closed Pit 6 Landfill, Annual Report for 2004 (Campbell and Blake 2005).

Building 829 Closed HE Burn Facility

Compliance monitoring requirements for the closed burn pits in the Corral Hollow
Creek drainage area are specified in the Final Closure Plan for the High-Explosives Open
Burn Treatment Facility at Lawrence Livermore National Laboratory Experimental Test
Site 300 (Mathews and Taffet 1997), and in the Revisions to the Post-Closure Permit
Application for the Building 829 HE Open Burn Facility — Volume 1 (LLNL 2001) as
modified by the Hazardous Waste Facility Post-Closure Permit for the Building 829 HE
Open Burn Facility (DTSC 2003).

The former HE Open Burn Treatment Facility, part of the Building 829 Complex, is
located on a ridge within the southeast portion of Site 300 at an elevation of about
320 m. The facility included three shallow, unlined pits constructed in unconsolidated
sediments that cap the ridge (Tps formation). The facility was used to thermally treat
explosives process waste generated by operations at Site 300 and similar waste from
explosives research operations at the Livermore site. The facility was covered with an
impervious cap in 1998 following RCRA guidance.

Surface water drains southward from the facility toward Corral Hollow Creek. The
nearest site boundary lies about 1.6 km to the south at Corral Hollow Road. Stratified
rocks of the Neroly (Tn) formation underlie the facility and dip southeasterly. Two
water-bearing zones exist at different depths beneath the facility. The shallower zone, at
a depth of about 30 m, is perched within the Neroly upper siltstone /claystone aquitard
(Tnscy). The deeper zone, at a depth of about 120 m, represents a regional aquifer
within the Neroly upper sandstone member (Tnbs)).

Based on groundwater samples recovered from boreholes, previous CERCLA remedial
investigations determined that the perched groundwater near the burn facility was
contaminated with VOCs, primarily TCE, but that the deeper regional aquifer was free
of any contamination stemming from operation of the facility (Webster-Scholten 1994).
Subsequent assays of soil samples obtained from shallow boreholes prior to closure
revealed that low concentrations of HE compounds, VOCs, and metals exist beneath the
burn pits (Mathews and Taffet 1997). Conservative transport modeling indicates that
the shallow contamination will not adversely impact the regional aquifer primarily
because its downward movement is blocked by more than 100 m of unsaturated Neroly
Formation sediments that include interbeds of claystone and siltstone.
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Beginning in 1999, LLNL implemented the intensive groundwater monitoring program
tor this area described in the post-closure plan (Mathews and Taffet 1997) to track the
fate of contaminants in the soil and the perched water-bearing zone, and to monitor the
deep regional aquifer for the appearance of any potential contaminants from the closed
burn facility.

This monitoring program remained in effect through the first quarter of 2003, at which
time LLNL began implementation of the provisions specified in the Hazardous Waste
Facility Post-Closure Permit for the B829 Facility (DTSC 2003). Following the guidance
outlined in the DTSC Technical Completeness (DTSC 2002) assessment, LLNL installed
one additional groundwater monitoring well at the point of compliance within three
meters of the edge of the capped High Explosive Open Burn Treatment Facility. This
well (W-829-1938) was screened in the regional aquifer, the uppermost aquifer beneath
the Building 829 facility. Since the first quarter of 2004, well W-829-1938 has been
sampled as part of the permit-specified groundwater monitoring network (Figure 4-17).
Also shown in Figure 4-17 are two previously existing wells (W-829-15 and W-829-22)
that were used throughout 2004 for quarterly collection of groundwater samples from
the regional aquifer.

As planned for compliance purposes, LLNL obtained groundwater samples quarterly
during 2004 from the Building 829 monitoring well network. Groundwater samples
from the wells screened in the deep regional aquifer were analyzed quarterly for inor-
ganic COCs (mostly metals), general minerals, turbidity, explosive compounds (HMX,
RDX, and TNT), VOCs (EPA method 624), extractable organics (EPA method 625),
pesticides (EPA method 608), herbicides (EPA method 615), general radioactivity (gross
alpha and beta), radium activity, total organic carbon (TOC), total organic halides
(TOX), and coliform bacteria.

No new release of COCs to groundwater from the closed HE burn facility is indicated
by the monitoring data obtained during 2004. For a detailed account of compliance
monitoring of the closed HE burn pit during 2004, including tables and graphs of
groundwater COC analytical data, see LLNL Experimental Test Site 300—Compliance
Monitoring Program for the Closed Building 829 Facility— Annual Report 2004
(Revelli 2005b).

During 2004, no organic or explosive COCs were detected above their respective
reporting limits in groundwater samples from any of the three monitoring wells. The
inorganic constituents that were detected in samples from the two established wells
(W-829-15 and W-829-22) show concentrations that do not differ significantly from
background concentrations for the deep aquifer beneath the HE Process Area (Webster-
Scholten 1994). Although zinc and mercury were detected in routine quarterly samples
from well W-829-22, these results were subsequen